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Intelligent Design 


Starts with Intelligent Analog PIC® Microcontrollers 


INTELLIGENT 


BON A. IL 


Analog design is difficult and consumes precious development time. 
Microchip’s intelligent PIC® MCUs integrate analog functions such 

as high performance Analog-to-Digital Converters, Digital-to-Analog 
Converters and Op Amps providing simple-to-use interfaces that ease 
analog design. A single-chip solution enables reduced system noise 
and provides higher throughput, while dramatically reducing design 
time and cost. 


Applications 
Environmental quality sensors Lighting 
Portable medical equipment Power measurement 
Industrial equipment and monitoring 
Power conversion Energy harvesting equipment 
Efficient motor control Solar inverters 


gibt de aul 2 ANN MICROCHIP 


www.microchipdirect.com 


microchip.com/intelligentanalog 


The Microchip name and logo, the Microchip logo and PIC are registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks are the 
property of their registered owners. © 2014 Microchip Technology Inc. All rights reserved. DS00001743A. MECO0003Eng07.14 
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Projects and Cireuits 


BUILD AN AM RADIO 

by John Clarke 

The classic hobby electronics project, designed for the pocket or mantelpiece 
LED LADYBIRD 

by John Clarke 

Build this eye-catching electronic brooch 


LIFESAVER FOR LITHIUM OR SLA BATTERIES 
by Nicholas Vinen 
Protect your expensive SLA or Li-lon batteries from over-discharge 


‘DO NOT DISTURB!’ PHONE TIMER 
by John Clarke 
Phone blocker that remembers to spring back into action after two hours max! 


TECHNO TALK by Mark Nelson 
Which direction for the connected car? 


MAKE YOUR OWN PCBs - PART 1 by Mike Hibbett 

How to produce your own PCBs — comparing available software 
PRACTICALLY SPEAKING by Robert Penfold 

The mystery of component markings 


AUDIO OUT by Jake Rothman 
Eradicating wet electrolytic capacitors from audio circuits — Part 2 


CIRCUIT SURGERY by lan Bell 
Selecting the right op amp 


MAX’S COOL BEANS by Max The Magnificent 
Mighty things from tiny chips!... The simplest things can trip you up 


PIC N’ MIX by Mike Hibbett 
The PIC n’ Mix Kickstarter 


NET WORK by Alan Winstanley 
A smarter fridge... Smart, fresh and healthy!... A tangled web 
Reputation management... Amazon Fire phone 


Regulars and Services 


SUBSCRIBE TO EPE and save money 
EPE BACK ISSUES - Did you miss these? 


EPE BACK ISSUES CD-ROM 
EDITORIAL 
Building a classic 


NEWS - Barry Fox highlights technology’s leading edge 
Plus everyday news from the world of electronics 


MICROCHIP READER OFFER 
EPE Exclusive — Win a Microchip PICDEM FS-USB Demo Kit And MPLAB 
ICD 3 In-Circuit Debugger 


EPE PIC PROJECTS - VOLUME 1 
EPE PIC PROJECTS - VOLUME 2 


CD-ROMS FOR ELECTRONICS 
A wide range of CD-ROMs for hobbyists, students and engineers 


DIRECT BOOK SERVICE 
A wide range of technical books available by mail order, plus more CD-ROMs 


EPE PCB SERVICE 
PCBs for EPE projects 


ADVERTISERS INDEX 
NEXT MONTH! - Highlights of next month’s EPE 
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SUBSCRIPTION ORDER 
FORM 


O 6 Months: UK £23.50, Europe £27.00 (Airmail), Rest Of The 
World £37.00 (Airmail) 
0 1 Year: UK £43.00, Europe £50.00 (Airmail), Rest Of The 
World £70.00 (Airmail) 
Oi 2 Years: UK £79.50, Europe £95.00 (Airmail), Rest Of The 
World £135.00 (Airmail) 

To: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU 
Tel: 01202 880299 Fax: 01202 843233 
E-mail: subs@epemag.wimborne.co.uk 


l enclose payment of £ .............+ (cheque/PO in £ sterling 
only), payable to Everyday Practical Electronics 


Oi Please charge my Visa/Mastercard/Maestro 
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Subscriptions can only start with ioe 
the next available issue. . 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford 
CM23 4WP, United Kingdom 
Tel: 01279 467799 


Fax: 01279 267799 


E-mail: sales@quasarelectronics.co.uk 
Web: www.quasarelectronics.co.uk 


UTZIS 


QUASAR 


Quasar Electronics Limited. 


All prices INCLUDE 20.0% VAT. 

Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7 Day Visa | 
Delivery - £3.95; UK Mainland Next Day Delivery - £8.95; Europe (EU) - 

£12.95; Rest of World - £14.95 (up to 0.5Kg). 

Order online for reduced price Postage (from just £1!) 

Payment: We accept all major credit/debit cards. Make PO’s payable to 


Please visit our online shop now for full details of over 1000 electronic kits, 
projects, modules and publications. Discounts for bulk quantities. 
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Solutions for Home, Education & Industry Since 1993 


Motor Controllers & Drivers 


Here are just a few of our controller and 
driver modules for AC, DC, Unipolar/Bipolar 
stepper motors and servo motors. See 
website for full details. 


Drives any 5-35Vdc 5, 6 or r 
8-lead unipolar stepper 
motor rated up to6 Amps. 
Provides speed and direc- & : 
tion control. Operates in stand- alone or r PC- 
controlled mode for CNC use. Connect up to 
six 3179 driver boards to a single parallel 
port. Board supply: 9Vdc. PCB: 80x50mm. 
Kit Order Code: 3179KT - £17.95 
Assembled Order Code: AS3179 - £24.95 


Drive any 5-50Vdc, 5 Amp 
bi-polar stepper motor us- 
ing externally supplied 5V 
levels for STEP and DI- 
RECTION control. Opto- : 
isolated inputs make it ideal for CNC applica- 
tions using a PC running suitable software. 
Board supply: 8-30Vdc. PCB: 75x85mm. 

Kit Order Code: 3158KT - £24.95 
Assembled Order Code: AS3158 - £34.95 
Bidirectional DC Motor Sp 

Control the pee of 
most common DC 
motors (rated up to 
32Vdc/10A) in both the 
forward and reverse 
direction. The range of 
control is from fully OFF to fully ON in both 
directions. The direction and speed are con- 
trolled using a single potentiometer. Screw 
terminal block for connections. 

Kit Order Code: 3166v2KT - £23.95 
Assembled Order Code: AS3166v2 - £33.95 


DCM ed C 
Control ihe epee of 
almost any common DC [iy 
motor rated up to 100V, 
7.5A. Pulse width modu- & 
lation output for maxi- 
mum motor torque at all 
speeds. Supply: 5-15Vdc. Box supplied. Di- 
mensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067KT - £19.95 
Assembled Order Code: AS3067 - £27.95 


Most items are available in kit form (KT. suffix) 
or pre-assembled and ready for use (AS prefix). 


Controllers & Loggers 


Here are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. 12Vdc PSU for 
all units: Order Code 660.446UK £11.52 


o-Cn oerial Fort isolated 
Computer controlled 8 
channel relay board. 5A 
mains rated relay outputs 
and 4 opto-isolated digital 
inputs (for monitoring 
switch states, etc). Useful 
in a variety of control and 
sensing applications. Programmed via serial 
port (use our new Windows interface, termi- 
nal emulator or batch files). Serial cable can 
be up to 35m long. Plastic case included. 
130x100x30mm. Power: 12Vdc/500mA. 

Kit Order Code: 3108KT - £74.95 
Assembled Order Code: AS3108 - £89.95 


Computer Ter 


Serial port 4-channel tem- 
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
- 200m+ from board. Wide 
range ot tree software applications for stor- 
ing/using data. PCB just 45x45mm. Powered 
by PC. Includes one DS1820 sensor. 
Kit Order Code: 3145KT - £19.95 
Assembled Order Code: AS3145 - £26.95 
Additional DS1820 Sensors - £4.95 each 


nnel High Current UHF RC Set 


State- of-the-art high securi- 
ty. 2 channel. Momentary or 
latching relay output rated to 
switch up to 240Vac @ 10 
Amps. Range up to 40m. Up 
to 15 Tx’s can be learnt by 
one Rx (kit includes one Tx 
but more available separately). 3 indicator 
LEDs. Rx: PCB 88x60mm, supply 9-15Vdc. 
Kit Order Code: 8157KT - £49.95 
Assembled Order Code: AS8157 - £54.95 


4-Ch DTMF Tele 1e 
Call your phone nt num- 
ber using a DTMF 
phone from anywhere 
in the world and re- 
motely turn on/off any 
of the 4 relays as de- 
sired. User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 130 x 110 x 
30mm. Power: 12Vdc. 

Kit Order Code: 3140KT - £79.95 
Assembled Order Code: AS3140 - £94.95 


—Channel Relay Board 
Control 12 onboard relays with 
included infrared remote con- 
trol unit. Toggle or momentary. 
15m+ range. 112 x 122mm. 
Supply: 12Vdc/0.5A 
Kit Order Code: 3142KT - £64.95 
Assembled Order Code: AS3142 - £74.95 


4 channel computer 
serial port temperature 
monitor and relay con- 
troller. Four inputs for 
Dallas DS18S20 or 
DS18B20 digital ther- 
mometer sensors (£3.95 each). Four 5A rat- 
ed relay outputs are independent of sensor 
channels allowing flexibility to setup the link- 
age in any way you choose. Simple text 
string commands for reading temperature 
and relay control via RS232 using a comms 
program like Windows HyperTerminal or our 
free Windows application. 

Kit Order Code: 3190KT - £84.95 
Assembled Order Code: AS3190 - £99.95 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIF40W) £9.95 
18Vdc Power supply (661.121) £25.95 
Leads: Parallel (L.DC136) £3.95 / Serial 
(LDC441) £3.95 / USB (LDC644) £2.95 


C Pre nme 

fuse or Serial connection. 
Header cable for ICSP. 
Free Windows software. 

See website for PICs sup- 
, ported. ZIF Socket & USB 
~ lead extra. 16-18Vdc. 
Kit Order Code: 3149EKT - £49.95 
Assembled Order Code: AS3149E - £64.95 
Assembled with ZIF socket Order Code: 
AS3149EZIF - £74.95 


ATM xxx Program 
Uses serial ipo and any 
standard terminal comms "a 
program. 4 LED’s display 3am 
the status. ZIF sockets 
not included. 16Vdc. 
Kit Order Code: 3123KT - £28.95 
Assembled Order Code: AS3123 - £39.95 


See website for full range of PIC & ATMEL 
Programmers and development tools. 


Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads 
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PROJECTS ® 6-Decade Capacitance Subs- 
titution Box ® Soft Starter For Power Tools ® High 
Power Brushless Motors From Old CD/DVD Drives 
® High-Current Adaptor For Scopes And DMMs 
FEATURES ® Jump Start — Temperature Alarm ® 
Techno Talk ® Circuit Surgery ® Practically Speaking 
® Max’s Cool Beans ® Net Work 


PROJECTS ® Driveway Sentry ® Milliohm Meter 
Adaptor For DMMs ® Build A Vox ® Superb Four- 
Channel Amplifier -On The Cheap 

FEATURES ©® Techno Talk ©® Circuit Surgery ° 
Interface ® Max’s Cool Beans ® Net Work ® Computer 
Error: Reliable Digital Processing — Part 1 


PROJECTS ® Digital Sound Effects Module ° USB 
Stereo Recording & Playback Interface ° Vacuum 
Pump From Junk ® Minireg 1.3-22V Adjustable 
Regulator ® Ingenuity Unlimited 

FEATURES ® Techno Talk ® Circuit Surgery ® 
Practically Speaking ® Max’s Cool Beans ® Net Work 
© Computer Error: Reliable Digital Processing — Part 2 


PROJECTS ® LED Musicolour — Part 1 ® High- 
Temperature Thermometer/Thermostat ® Ingenuity 
Unlimited 

FEATURES ® Teach-In 2014 — Part 1 ® Techno Talk ® 
Circuit Surgery ® Interface ® Max’s Cool Beans ® Net 
Work ® Computer Error: Reliable Digital Processing 
—Part 3 


PROJECTS ® CLASSiC-D Amplifier — Part 1° LED 
Musicolour — Part 2 © Mains Timer For Fans Or 
Lights ® Ingenuity Unlimited 

FEATURES ® Teach-In 2014 — Part 2 © Techno Talk 
® Circuit Surgery ® Practically Speaking ® Max's Cool 
Beans ® Net Work 


PROJECTS ® Six Test Instruments In One Tiny 
Box ® Virtins Technology Multi-Instrument 3.2 © 
CLASSiC-D Amplifier — Part 2 © 

FEATURES ® Teach-In 2014 — Part 3 ® Techno Talk 
® Circuit Surgery ® Interface * Max’s Cool Beans ® 


PROJECTS ° 2.5GHz 12-Digit Frequency 
Counter With Add-on GPS Accuracy — Part 1 ® 
The Champion Amplifier ° Simple 1.5A Switching 
Regulator © 

FEATURES ® Teach-In 2014 — Part 4 ® Techno Talk 
® Circuit Surgery ® Practically Speaking ® Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work 
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PROJECTS ® High-energy Electronic Ignition 
System — Part 1 ® Mobile Phone Loud Ringer! ® 
2.5GHz 12-Digit Frequency Counter With Add-on 
GPS Accuracy — Part 2 

FEATURES ® Teach-In 2014 — Part 5 ® Techno Talk ® 
Circuit Surgery ® Interface ® Max's Cool Beans ® Net 
Work ® PIC N’ Mix ® Net Work 


PROJECTS ® Infrasound Detector * Extremely 
Accurate GPS 1pps Timebase For A Frequency 
Counter ® High-energy Electronic Ignition System — 
Part 2 ® Automatic Points Controller For Your Model 
Railway Layout 

FEATURES ® Teach-In 2014 — Part 6 © Techno Talk 
® Circuit Surgery ® Practically Speaking © Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work 
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PROJECTS ® Jacobs Ladder ® Deluxe GPS 1pps 
Timebase For Frequency Counters ® Capacitor 
Discharge Unit For Twin-Coil Points Motors 
FEATURES ® Teach-In 2014 — Part 7 ® Techno 
Talk © Circuit Surgery ® Interface ® Max’s Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work ® 
Beta-Layout’s Re-Flow Oven Kit And Controller 
review 
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PROJECTS °® Rugged Battery Charger ° 
CLASSiC-D +35V DC-DC Converter ® Digital 
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Multimeter Auto Power-Down ® Control Relays Over 
The Internet With Arduino 

FEATURES ® Teach-In 2014 — Part 8 ® Techno Talk 
* Circuit Surgery ® Practically Speaking ® Max's Cool 
Beans ® Net Work ® PIC N’ Mix ® Net Work ® 


PROJECTS ® Cranial Electrical Stimulation Unit 
© Mini Audio Mixer ® Adding Voltage And Current 
Meters To The Bits ’N’ Pieces Battery Charger ° 
FEATURES ® Teach-In 2014 — Part 9 ® Techno Talk 
* Circuit Surgery ® Interface * Max’s Cool Beans ® 
PIC N’ Mix ® Net Work © 


JULY ’14 


PROJECTS ©® Versatile 10-Channel Remote 
Control Receiver ® Li'l Pulser Model Train 
Controller © Two Demonstration Circuits For 
Human Colour Vision © 

FEATURES ® Teach-In 2014 — Part 10 ® Techno 
Talk © Circuit Surgery ® Practically Speaking 
* Max’s Cool Beans ® PIC N’ Mix ® Net Work ® 
Audio Out ® 


PROJECTS ® Active RF Detector Probe For 
DMMs ® Add A UHF Link To A Universal Remote 
Control ® PCBirdies ® USB Port Voltage Checker 
¢ jPod Charger Adaptor ® 

FEATURES ® Techno Talk ® Circuit Surgery ° 
Interface ® Max’s Cool Beans ® PIC N’ Mix ® Net 
Work ® Audio Out ® 
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STORE YOUR BACK ISSUES 
ON CD-ROMS_ 


VOL 1: BACK ISSUES - January 1999 to June 1999 
Plus some bonus material from Nov and Dec 1998 


VOL 2: BACK ISSUES - July 1999 to December 1999 
VOL 3: BACK ISSUES —- January 2000 to June 2000 
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VOL7: BACK ISSUES - January 2002 to June 2002 
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VOL 10: BACK ISSUES — July 2003 to December 2003 NOW AVAILABLE 
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A great way to buy EPE Back Issues - our 
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VOL 16: BACK ISSUES — July 2006 to December 2006 incindad: 
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VOL 20: BACK ISSUES — July 2008 to December 2008 or by phone, fax, email or post 


VOL 21: BACK ISSUES - January 2009 to June 2009 
VOL 22: BACK ISSUES — July 2009 to December 2009 \ 
VOL 23: BACK ISSUES — January 2010 to June 2010 
VOL 24: BACK ISSUES — July 2010 to December 2010 Please send me the following Back Issue DVD/CD-ROMs. f 
VOL 25: BACK ISSUES —- January 2011 to June 2011 | 
VOL 26: BACK ISSUES -— July 2011 to December 2011 De nee eee eee eee 7 
VOL 27: BACK ISSUES — January 2012 to June 2012 | Price £16.45 each, £29.95 for Five Year DVD/CD-ROMs — , 
VOL 28: BACK ISSUES — July 2012 to December 2012 | includes postage to anywhere in the world. 
VOL 29: BACK ISSUES — January 2013 to June 2013 NAM «2... eens 
I 
I 


BACK ISSUES DVD/CD-ROM ORDER FORM | 


VOL 30: BACK ISSUES a July 2013 to ACOr@SS: ecu. dic isiers. ences one Se es 
December 201 3 (Wecenee paneer Uecenecu che hcba Sn cna cee cedsovc. Gio an o-p. ood 0: a-0-9/0-0-a:0 Sa URE ae 7] 


FIVE YEAR CD/DVD-ROMs eee Nee oe ! 
POSt'COdG is. casera eee EI Ae da a 

No.1 — Jan ’03 to Dec ’07 

No.2 - Jan ’04 to Dec ’08 

No.3 - Jan ’05 to Dec ’09 


C1 | enclose cheque/P.O./bank draft to the value of £& ......... 


C1 please charge my Visa/Mastercard/Maestro£ ............ 


(CECH CHAM Aan na deo uu donc dace «5-080 e 
i ’ 5 
No.4 Jan 06 to Dec 1 0 Card Security Goode: 22. assos (The last 3 digits on or just under the signature strip) 
+] +) 
No.5 - Jan ’07 to Dec ’11 Valid Frome ENN) DAD +56 eee 1 


No.6 - Jan ’08 to Dec ’12 


! aestro Issue No........... 
No.7 - Jan ’09 to Dec 13 | Ga BG) 


SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 113 Lynwood Drive, Merley, 
Wimborne, Dorset BH21 1UU. 


Tel: 01202 880299. Fax: 01202 843233. 
E-mail: orders@epemag.wimborne.co.uk 
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FREE ral 
fs with every order 
Station £174 rrp worth £19.96 


Includes: Solder & 

HQ Desolder Pump 

50W Temperature Controlled 
Soldering station, adjustable 
temp 65-425°C, Stand with 
sponge included Quote: EPE660 


owt: 


Me“ 1£574.80) — 


30V 5A Programmable PSU 

Dual LED (Voltage & Current) Displays 

Course & Fine V /A Adjustment 

5 Programmable Memories 

PC Link via USB 

or RS232 

Output: 0-30Vdc 
0-5A 


Quote: EPEPSU 


am ll 
Bley | — | ll 
£114.00) 2 = Ill 
e. >> 6 
Inc Delivery: & VAT ea ; 


NIC COMPONENTS 


Antex 660TC Soldering 


| (£77.62 


Breadboard & Components Starter Pack 

A High Quality Large Breadboard with binding posts, a 
140 piece Jump Wire Kit and 6 Component Packs with 
over 1100 components. Quote: EPEBCS 


Tel: 0191 2514363 StationRoad §) CD 
Fax: 0 191 2522296 Cullercoats =| | please call for delivery options for 


sales@esr.co.uk NE3O 4PQ (EB) [visa Ireland, Isle of Man, Isle of Wight & 


FREE DVM 


3% Digital Class Ill 600V DVM 
AC / DC Voltage upto 600V 
DC Current upto 10A wa Vick 
Resistance upto 20M See 
Audible Continuity 00600 


One per customer, while stocks last 
offer valid until: end of July 2014 


é 2.4GHz Frequency Counter 
0.01Hz to 2.4GHz 

8 Digit LED Display 

Gate Time: 100ms to 10s 

2 Channel Operating mode 
Power Supply: 110-220Vac 5W 


Quote: EPE24G 
£81.00 
Inc Delivery: & VAT 


Hvellenan 
3D Printer Kit K8200 a Repetier 
Build your own 3D Printer. Uses FREE Software 


FREE kg Roll of Filaments with every order worth over £27 

Print objects upto 200 x 200 x 200mm via your PC or stand alone con- 
troller (VM8201 available separately) The High Quality self assembly kit 
is an advanced level kit, requiring mechanical & electronic construction- 
al experience. # Colour may vary. Quote: EPE3D 
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Build your own Oscilloscope 

A new self assembly kit, ideal for education and way to visualise 
signals. Features: Markers, Frequency, dB, True RMS gecouls 
Timebase range: 
10ys-500ms/division (15 steps) 
Input sensitvity: 
100mV-5V/division (6 steps) 
Max Input voltage: 30Vpp 
Max Sample Rate: ‘ ; 
Ims/s repetitive signal, S_ 
100ks/s real time signal 
Dim: 80 x 115 x 40mm 


Quote: EPESCOPE 


Prices INCLUDE Delivery* & VAT. 
*Delivery to any UK Mainland address, 


Tyne &Wear _ Highland & Island, Northern Ireland 


Channel Islands 
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READERS’ TECHNICAL ENQUIRIES 

Email: fay.kearn@wimborne.co.uk 

We are unable to offer any advice on the use, purchase, 
repair or modification of commercial equipment or the 
incorporation or modification of designs published 
in the magazine. We regret that we cannot provide 
data or answer queries on articles or projects that are 
more than five years’ old. Letters requiring a personal 
reply must be accompanied by a stamped self- 
addressed envelope or a self-addressed envelope and 
international reply coupons. We are not able to answer 
technical queries on the phone. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure that 
the advice and data given to readers is reliable. We 
cannot, however, guarantee it and we cannot accept 
legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages that can be lethal. You should 
not build, test, modify or renovate any item of mains- 
powered equipment unless you fully understand the 
safety aspects involved and you use an RCD adaptor. 


COMPONENT SUPPLIES 
We do not supply electronic components or kits for 
building the projects featured, these can be supplied 
by advertisers. 

We advise readers to check that all parts are still 
available before commencing any project in a back- 
dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of EVERYDAY 
PRACTICAL ELECTRONICS take reasonable 
precautions to protect the interests of readers by 
ensuring as far as practicable that advertisements are 
bona fide, the magazine and its publishers cannot give 
any undertakings in respect of statements or claims 
made by advertisers, whether these advertisements 
are printed as part of the magazine, or in inserts. 

The Publishers regret that under no circumstances 
will the magazine accept liability for non-receipt of 
goods ordered, or for late delivery, or for faults in 
manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which may 
be advertised in our pages cannot be legally used in 
the UK. Readers should check the law before buying 
any transmitting or telephone equipment, as a fine, 
confiscation of equipment and/or imprisonment can 
result from illegal use or ownership. The laws vary from 
country to country; readers should check local laws. 
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In the age of DAB and Internet radio you may have thought that AM 
radio had gone the way of the dodo and fax machine, but in fact it is 
very much alive, as the long list of UK AM stations mentioned in this 
month’s lead project reveals. 


Building an AM Radio is of course nothing new; hobbyists have been 
constructing receivers since the age of the crystal set. But for me, that 

is one of its great attractions, it is a classic project with a long pedigree 
that teaches and rewards out of all proportion to the difficulty of 
actually building it. Pulling signals and stations out of ‘the ether’ with 

a circuit you have built yourself is a pleasure that never fails to bring a 
smile to the face. Indeed, for many of us it was our first proper project, 
and if you have never built one I urge you to give this one a try. It would 
also make a super project for inspiring children and future engineers at 
home or in school. 


Audio Out 

I really should have mentioned this last month (space issues prevented 
it) — we have a new regular column — Audio Out — and a new columnist 
— Jake Rothman. Jake is a designer and builder of audio equipment, 
and has also taught and lectured on the subject. Those of you with 
long memories may recall some of his projects in EPE, including a very 
successful and popular design for a fascinating electronic instrument 
called the ‘Theremin’. Jake will be writing on the finer points of high 
quality audio design, but even if audio is not your particular interest, 
you will find his column very useful for tips on excellence in analogue 
electronics and construction. 


Kickstarter congratulations to Mike 

I couldn’t sign off this month without mentioning Mike Hibbett’s 
successful Kickstarter project, and as one of Mike’s backers I can confirm 
that circuits have been delivered! He has covered the hard work needed to 
get his project up and running in PIC n’ Mix this month, so I won’t repeat 
his description, but I would like to offer ‘thanks and congratulations’ from 
everyone here at EPE. Designing, marketing, funding, manufacturing and 
delivering an electronic circuit really is quite an achievement, and I’d be 
delighted to hear from any readers who feel inspired by his example and 
are now considering a Kickstarter project of their own. 
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A roundup of the latest Everyday 
News from the world of 
electronics 


Broadband without landlines - report by Barry Fox 


here is a booming new business 

in Japan — home or office 
broadband without the need for a 
fixed phone line. The electronics 
showrooms in the Akihabara 
‘Electric City’ area of Tokyo are 
stuffed to the gills with router 
devices (mains-powered table-top 
units, or pocket dongles) which use 
a 4G SIM to provide broadband by 
Ethernet or Wi-Fi. A company called 
Softbank is the leading provider. On 
a recent trip I saw Softbank wireless 
routers providing high data speeds 
throughout several hotels. 


Wireless broadband comes to 
London 

Now the UK is getting its first taste 
of wireless broadband, from new 
service Relish, which promises 
‘fibre-fast broadband without the 
wires’. 

So far available only in the Lon- 
don area, Relish delivers up to 
65Mbps and on average 30Mbps, 
from a home Ethernet/Wi-Fi router 
that costs £50 and £20 a month for 
unlimited data; or 1GB mobile data 
for £10 a month from a pocket hub 
device that costs £35 and serves up 
to ten devices. Users who sign up 
for 12 months, and to both servic- 
es, get free hardware and reduced 
prices. 

The home router works only in 
London (with other urban areas 
promised) but the pocket hub roams 
for free on the Three 3G network 
outside London. 

Customers order from Relish by 
phone or online and get a plug-and- 
play device delivered, pizza-style, 
the next day. Absolutely no landline 
is needed and a postcode database 
advises where in London the de- 
vices should and should not work. 
If reception proves impossible, for 
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example in a basement, there is a 
money-back guarantee. 

Relish is run by UK Broadband, 
which is owned by PCCW and 
Hong Kong Telecommunications. 
The company bought six 20MHz 
4G channels in LTE Bands 42/43 
(around 3.5GHz) and is so far us- 
ing just one channel for the London 
service. The company’s current li- 
cence from Ofcom authorises the 
use of two 20MHz blocks and UK 
Broadband recently asked Ofcom to 
grant an indefinite extension to the 
licence beyond the current expiry 
date of July 2018. 


End of the landline? Many people now have 
a landline connection just for broadband — 
could wireless kill it off for good? 


Government encouragement 
Ofcom says it ‘believes granting the 
request would promote competi- 
tion and encourage investment and 
innovation’ and will earn money 
for the government by applying an 
annual licence fee from the current 
expiry date. 

The UK Broadband spectrum 
sits inside a wider 190MHz band 
of spectrum, between 3410 and 
3600MHz and Ofcom plans to auc- 
tion this off in 2015/16 to create 
competition — and earn the govern- 
ment more money. 

The cost of the hardware, made by 
Huawei, is kept down by dedica- 
tion to a limited range of channels. 
So far six other countries are using 


the same hardware, which adds 
economy of scale for manufacture. 

Market research by the Centre for 
Economics and Business Research 
has shown what CEBR calls a ‘land- 
line tax’ on broadband; London 
homes and small businesses are 
paying £193 million a year on land- 
lines they neither want nor use, 
just to get broadband; and 47% of 
Londoners would prefer broadband 
without a landline. 


Mobile broadband 

Currently there are many competing 
3G and 4G mobile broadband ser- 
vices, which can in theory provide 
broadband without a landline. A 
data SIM in a dongle works as a Wi- 
Fi hotspot serving data to several de- 
vices at the same time. Three’s MiFi 
was the first of the breed. 

But these SIMs all require either a 
contract or monthly Pay-as-You-Go 
top-ups, with any remaining data 
credit expiring at the end of each 
month. 

The one exception to this rule is 
the Three 321 PAYG SIM with rates 
of 3p a minute speech, 2p a text and 
1p a MB of data. The data credit 
does not expire. The catch is that the 
SIM will not work in a dongle de- 
vice like a MiFi to create a hotspot; 
the network detects that the SIM is 
in a dongle and refuses to serve data. 

There is, however, a technical loop- 
hole. Modern smartphones can work 
as a mobile hotspot to provide Inter- 
net sharing or tethering to several 
devices, just like a MiFi dongle, and 
although Three’s network attempts 
to detect and prevent this use with 
321 SIMs, some phones (notably 
some Nokia Windows devices) fool 
the network. So the phone provides 
Wi-Fi tethering with a PAYG SIM 
and no 30-day data-use limit. 
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Raspberry Pi upgraded to B+ model 


Raspberry Pi Model B+ V1.2 
@©)Raspberry Pi 2014 
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The Model B+ is the latest incarnation of the Raspberry Pi Foundation’s credit-card-sized Linux 
computer. Despite some important upgrades its price is unchanged at US$35. 


Building on the huge success of the 
Raspberry Pi Model B, with over three 
million boards now in use, The Rasp- 
berry Pi Foundation has announced 
the launch of the new Model B+, 
which incorporates a number of en- 
hancements and new features. 

Eben Upton, Raspberry Pi Founder 
and CEO of Raspberry Pi’s engineer- 
ing team said: ‘This isn’t a Raspberry 
Pi 2, but rather the final evolution of 
the original Raspberry Pi.’ 


So what’s new? 

The Model B+ uses the same 
BCM2835 application processor as 
the Model B. It runs the same soft- 
ware, and still has 512MB RAM; but 
the design team have made the fol- 
lowing key improvements: 

Better GPIO — more extensive GPIO 
capability is provided by the re- 
placement of the 26-pin socket with 
a 40-pin connector: the pin-out of 
the first 26 pins remains identical to 
the Model B. 

More USB connectivity — B+ has 
four USB 2.0 ports, compared to two 
on the Model B, and better hotplug 
and overcurrent behaviour. This 
enables users to avoid the use of a 
cascading hub when deploying mul- 
tiple devices such as a wired key- 
board, mouse, wireless dongle and 
external hard drive. 

Micro SD — In keeping with current 
trends, the standard SD card form 
factor has been replaced by a mi- 
croSD card format. The old friction- 
fit SD card socket has been replaced 
with a much nicer push-push micro 
SD version. 


Lower power consumption — there 
has been a 20% to 30% improve- 
ment in power consumption on the 
Model B+ by using a more efficient 
switched-mode power supply in 
place of the previous linear arrange- 
ment. This has achieved a reduction 
in consumption of between 0.5W 
and 1W —a feature welcomed by de- 
signers of low-power projects. 
Better audio — the audio circuit in- 
corporates a dedicated low-noise 
power supply and audio output 
quality has also been improved with 
some DSP-related fixes. 

USB connectors — these are now 
aligned with the board edge, and the 
composite video has been moved 
onto the 3.5mm jack. 

Neater form factor — some small 
changes have also been made to the 
board form factor in order to pro- 
vide better alignment of connectors 
on the side of the board. In addi- 
tion, four squarely-placed mounting 
holes instead of two are now pro- 
vided to facilitate improved board 
stability when mounted within an 
OEM application. 


Get your new Raspberry Pi now! 
The Raspberry Pi Model B+ is avail- 
able to purchase direct from RS 
Components and Farnell/Element14 
for immediate shipment priced at 
US$35 in single unit quantities. 
Production of the Model B will con- 
tinue and will be sold alongside the 
Model B+. 

More details are available online 
at: http://youtu.be/KtKSyNOx6sk and 
http://youtu.be/iP3Rxox YMFw 
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Supercapacitors challenge 
lithium-ion batteries 

Market research company IDTechEx 
has recently reported that superca- 
pacitors are improving faster than 
lithium-ion batteries in most respects 
— for example, Nanotune Technolo- 
gies has demonstrated supercapaci- 
tors with 35Wh/kg, claiming that 
500Wh/kg may be achievable — two 
to four times the energy density of 
the best lithium-ion batteries. 

Dr Peter Harrop, Chairman of 
IDTechEx, said: ‘Supercapacitors 
need not match lithium-ion battery 
energy density to replace much of 
that battery market. They have re- 
placed maybe one percent of that 
market already because they last 
longer than, for example, the pub- 
lic transport buses they are used in. 
They are safer and have ten times the 
power density. They have replaced 
lithium-ion batteries in most Chi- 
nese buses, despite greater up-front 
price... few dispute that in the next 
decade, at around 100Wh/kg with 
acceptable other parameters, su- 
percapacitors or “supercabatteries” 
could grab 50% of the lithium-ion 
market, reaching tens of billions of 
dollars in yearly sales.’ 


i-Bell Wi-Fi 


doorbell 

A Wi-Fi-enabled 
camera door- 
bell has been 
launched with 
a crowdfunding 
campaign, mak- 


YY 


ing it possible to 
monitor who is at 
your door, even 
when you are away form home. 
Acting as an interactive peephole 
for the front door, the ‘i-Bell’ is part 
of the next generation of home au- 
tomation and the Internet of Things. 
It’s a wireless gadget that allows 
smartphone users to see and com- 
municate with whoever is standing 
on their doorstep, whether they are 
home or away — putting an end to 
failed deliveries and ensuring us- 
ers have full control over their front 
door. The crowdfunding campaign, 
launched in July on Kickstarter, 
aims to finance the manufacturing 
process: _ https:/Awww.kickstarter. 
com/projects/729057054/i-bell 
i-Bell is designed and will be made 
in the UK, and will be fully compati- 
ble with Apple’s recently announced 
HomekKit, which adds smart devices 
to the home via individual apps. 
To find out more about i-Bell, visit 
the website: www.i-bell.co.uk 
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By JOHN CLARKE 


This simple AM radio can built in two forms. One is shirt- 
pocket size, not much larger than an Android phone, which 
drives headphones or ear-buds. The other is a retro-style mantel 
radio with a hand span dial and a 100mm (4-inch) loudspeaker 


in a basic timber cabinet. 
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AM RADIO RECEIVER 


Fig.1: the circuit is based on an MK484 (or TA7642) radio receiver IC. This amplifies and detects the tuned RF signal and 
drives an LM386N audio amplifier. Q1, LED2 and LED3 provide a regulated 1.4V rail for IC1. 


ANT A SIMPLE radio that you, 
your children or grand-children 
can easily build? This one uses a small 
PCB with two ICs and not a great deal 
more. It’s not a superheterodyne, so 
the alignment is very simple, and you 
don’t need any special equipment. 
The pocket-sized version is housed 
in aremote-control case incorporating 
a 9V battery compartment. There is 
the option to power it from a 9-12VDC 
external supply (eg, a plugpack) and 
to drive an external loudspeaker. It 
is tuned using a rotary thumbwheel 
dial and has a volume control, battery 
condition indicator and power switch. 
The retro-style desktop version is 
designed to looka little like the old AM 
radios of a bygone era that took pride 
of place on top of the fireplace mantel. 
It incorporates a loudspeaker and a 
hand-span tuning dial. It is housed in 
a small timber box with an aluminium 
front panel and this carries the volume 
control, battery condition indicator 
and power switch. The sound from the 
loudspeaker is not overly loud, but is 
quite sufficient for personal listening. 


AM radio IC 
The circuit for the AM Radio Receiver 
is based on a single IC that includes 


18nF 


Constructional 


S1 POWER D1 1N5819 


+8.7V 


om 


Cc 
BLP. &! D2 & 
XB) 86547 1N4148 . 


102 100nF 


RF (radio frequency) amplification, a 
detector and AGC (automatic gain con- 
trol). A similar device was originally 
available in 1984 from Ferranti Semi- 
conductors; known as the ZN414Z, it 
is now obsolete. The MK484 replaces 
this, and although out of production, 
there are remaining stocks (eg, on ebay. 
co.uk). Additionally, the TA7642 is 
also now available with similar perfor- 
mance to the MK484. These AM radio 
ICs will work from 150kHz to 3MHz. 

Adda tuning coil, a variable capaci- 
tor plus some capacitors and resistors 
and the IC becomes a fully functional 
AM receiver. For our circuit, the re- 
ceiver operates over the standard AM 
radio band of 531-1602kHz. The signal 
output from the IC is amplified to drive 
a pair of headphones or a loudspeaker. 

We tested both the TA7642 and 
MK484 in our circuit and found that 
the TA7642 has greater sensitivity than 
the MK484. However, its selectivity is 
wider, ie, it’s not as good. This means 
that the TA7642 will exhibit greater 
crosstalk (or interference) between 
stations that have adjacent frequen- 
cies. We did not test a ZN414Z simply 
because we didn’t have one available. 

Note that while the performance of 
this AM Radio Receiver is acceptable, 
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Tuning frequency: approx: 531- 
1602kHz 


Output power: ~300mW into 40 
Operating current: typically 27mA 


it does not have the selectivity and 
sound quality that’s available from a 
superheterodyne receiver. 


Circuit details 

The full circuit for the AM Radio 
Receiver is shown in Fig.1. IC1 is the 
AM radio chip. We have reproduced 
its equivalent circuit in Fig.2 (from the 
TA7642 data sheet). This is a ‘tuned 
radio frequency’ or TRF circuit, and 
it combines a high-gain RF (radio 
frequency) amplifier and a detector 
to recover the audio signal. It is not a 
regenerative or reactive receiver. 

The inductance of the ferrite an- 
tenna rod (L1) and variable capacitor 
VC1 form a tuned parallel resonant 
circuit. This has a high impedance at 
the tuned frequency and a low imped- 
ance at other frequencies. 

IC1 amplifies the tuned signal and 
then its internal detector rectifies and 
amplifies the resultant audio frequen- 
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Constructional 


Fig.2: this diagram shows the internal circuit of the TA7641 single-chip 
AM radio receiver. It includes an RF amplifier, a detector and automatic 


gain control (AGC) - see text. 


cies. IC1 is a 3-pin device with its AC 
output and DC power supply input 
using the same pin. 


One-chip AM radio 

The internal workings of IC1 are 
quite interesting. While it contains 
10 transistors (and a number of resis- 
tors and capacitors), there are three 
RF amplifier stages. Transistor T1 is 
an emitter-follower to provide a high 
input impedance. T2 is its load and 
operates as a current sink, biased by 
T3 and R1. 

The signal is then AC-coupled to 
T4, the first RF amplifier stage. This 
operates as a common-emitter ampli- 
fier with a 12kQ collector load, while 
transistor T3 also provides its DC bias. 
The output is then AC-coupled to T5, 
the second RF amplifier stage. Again, 
it has a 12kQ collector load and its 
DC bias is provided by transistor T6. 
The third amplifier stage, formed by 
transistor T7 shares the same bias 
generator. 

The output is then AC-coupled to 
the detector, transistor T9. This is criti- 
cally biased by transistor T8 (note the 
low-value resistor from its collector). 
The result is that it rectifies and ampli- 
fies the modulated signal — the audio. 
This is then amplified and buffered by 
transistor T10, again a common-emit- 
ter amplifier, which has its collector 
connected to the output pin. 

The output pin is connected to an 
external capacitor (18nF in our case) 
which filters out most of the RF carrier, 
leaving the original modulating signal 
which is the audio we want to hear. 

That’s all relatively straightforward, 
but this chip also includes an auto- 
matic gain control (AGC) function and 
it’s less apparent how that operates. 
The point of AGC is to reduce the 
amount of RF amplification for strong 
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stations, so that the audio output level 
doesn’t vary too much between strong 
and weak stations. 

While Fig.2 is only an equivalent 
schematic and doesn’t necessarily 
show exactly what is going on in the 
IC, it seems likely the shared biasing 
arrangement of both T3 and T6 pro- 
vides this AGC action. With stronger 
signals, the increased modulation on 
the later stages causes the bias on the 
earlier stages to change so that their 
gain is reduced. 


Back to the circuit 

While IC1 has internal AGC, its output 
signal amplitude still varies somewhat 
with station strength. Trimpot VR2 and 
its associated 100kQ resistor allow 
the overall RF gain (and AGC) to be 
adjusted to suit the signal strength at 
your location. When VR2 is adjusted, 
the DC bias at IC1’s input shifts and 
this changes the bias on its buffer stage 
and thus the signal level that’s fed to 
the following RF gain stages. 

Speaking of the buffer stage, its 
high input impedance (around 3MQ) 
minimises the loading on the tuned 
circuit, providing optimal operating 
conditions. The resonant circuit is de- 
signed with a high ‘Q’ factor to ensure 
good selectivity between adjacent sta- 
tions. This is important because a TRF 
receiver amplifies whatever signal is 
picked up and so there is always some 
risk that strong adjacent stations can 
‘break through’. 

The supply voltage for IC1 is ap- 
plied to its OUT terminal and this is 
derived via transistor Q1 and a 2.2kQ 
resistor. The demodulated AM signal 
also appears at the OUT terminal and 
the 18nF capacitor to ground rolls off 
the audio response above 4kHz. 

IC1 has a limited operating voltage 
range of 1.2-1.6V. This is provided by 


a simple voltage regulator comprising 
Q1, LED2 and LED3. These two LEDs 
are infrared types and have a forward 
voltage of approximately 1V when 
low current flows through them. This 
forward voltage is remarkably constant 
for a wide range of currents. In fact, 
tests of several infrared LEDs from 
different manufacturers showed that 
their forward voltage is around 1.09V 
at 1.6mA, dropping slightly to 0.945V 
at 160pA. 

Connecting two such LEDs in series 
provides a reasonably stable 2V ref- 
erence and these are fed with about 
1ImA via a 6.8kQ resistor from the 8.7V 
supply rail. This 2V reference is ap- 
plied to the base of transistor Q1 and 
so about 1.4V appears at its emitter 
(due to the 0.6V base-emitter voltage 
drop). This voltage is then used to 
power IC1 via the 2.2kQ resistor, as 
described above. 


Audio amplifier stage 

IC1’s audio output is fed via a 10Q RF 
(radio frequency) stopper resistor and 
a 100nF capacitor to volume potentio- 
meter VR1. The signal at VR1’s wiper 
is then AC-coupled via another 100nF 
capacitor to pin 3 of IC2, an LM386N 
audio power amplifier. 

The inverting input (pin 2) of IC2 is 
grounded and the amplifier has a gain 
of close to 50, as set by the 1kQ resis- 
tor and series 10pF capacitor between 
pins 1 and 8. The power supply at pin 
6 is bypassed with a 100pF capacitor, 
while a separate 10pF bypass at pin 7 
removes supply ripple from the ampli- 
fier input stages. 

IC2’s amplified output appears at 
pin 5 and is AC-coupled via a 470pF 
capacitor to stereo headphone socket 
CON2. This allows either a loudspeak- 
er or a set of headphones to be used. 
Plugging in the headphones automati- 
cally disconnects the loudspeaker. 

The 470pF capacitor provides 
low-frequency roll-off below 21Hz 
for 32Q stereo headphones (which 
are connected in parallel) while for 
a 4Q load, the low-frequency roll-off 
is below 85Hz. In addition, a Zobel 
network comprising a 10Q resistor 
and a 47nF capacitor is connected 
from IC2’s pin 5 output to ground to 
prevent instability. 

Assuming a 9V power supply, IC2 
can provide about 300mW into a 40 
load. Its distortion is typically around 
0.2%, rising to 3% at the 300mW 
level. The power output is reduced to 
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*VC1 MOUNTS ON BOARD VIA 2.5MM 
SPACERS IN POCKET VERSION — SEE TEXT 


about 160mW when using 32Q stereo 
headphones, but this is more than 
enough to provide sufficient volume. 


Power supply 

Power for the AM Radio Receiver can 
come from either a 9V battery or an 
external 9-12V DC plugpack. When 
the external supply is plugged into the 
DC socket, the 9V battery is automati- 
cally disconnected. Diode D1 provides 
reverse polarity protection, while S1 
is the power on/off switch. 

Note that a 1N5819 Schottky diode 
is used for D1, to limit the voltage drop 
across it to about 0.3V. 

LED1 is used as a battery condi- 
tion indicator at switch-on and then 
functions as a power-on indicator. It 
operates as follows: when power is 
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Fig.3: install the 
parts on the PCB 
as shown in this 
diagram. Note that 
tuning capacitor 
VC1 is mounted 
on the PCB for the 


TO 9V i 
BATTERY pocket version 
SNAP only. 


first applied, current flows through 
LED1, 4.7V Zener diode ZD1 and a 
1kQ resistor into a 470pF capacitor, 
which is initially discharged. If the 
9V battery is fresh, it provides 8.7V 
at LED1’s anode. This voltage is then 
dropped by about 1.8V across LED1 
and by 4.7V across ZD1, leaving 
2.2V across the series 1kQ resistor 
(ie, when the 470pF capacitor is 
discharged). As aresult, LED1 lights 
with about 2.2mA initially flowing 
through it. 

At lower battery voltages, there is 
less voltage across the 1kQ resistor. 
As a result, less current flows through 
LED1 and its initial brightness is re- 
duced. In fact, when the battery voltage 
eventually gets down to 7V, there is 
only about 0.2V across the 1kQ resistor 


This fully-assembled PCB is for 
the desktop version (ie, VC1 
not installed). Take care with 
component orientation. 


and LED1 barely lights, indicating that 
the battery has gone ‘flat’. 

After switch-on, the current through 
LED1 is progressively reduced as the 
470pF capacitor charges and so the 
LED quickly dims. It doesn’t turn off 
completely though, since the associ- 
ated 27kQ resistor ensures that it just 
remains on, with about 80pA through 
it. LED1 now indicates that the power is 
on, but the current through it is dramati- 
cally reduced to conserve the battery. 

When power is switched off, diode 
D2 discharges the 470yF capacitor so 
that LED1 is ready to indicate the bat- 
tery condition the next time the unit 
is turned on. 


PCB assembly 
The AM Radio Receiveris built ontoa 
PCB coded 06101121, which measures 


fabley2-aCapacitorGodes) 


Value uF Value IEC Code EIA Code 
100nF 0.1pF 100n 104 
47nF 0.047pF 47n 473 
18nF 0.018nF 18n 183 
10nF 0.01pF 10n 103 
470pF NA 470p = 4711 


4-Band Code (1%) 

brown black yellow brown 
red violet orange brown 
blue grey red brown 


5-Band Code (1%) 

brown black black orange brown 
red violet black red brown 

blue grey black brown brown 
red red black brown brown 
brown black black brown brown 
brown black black gold brown 


red red red brown 
brown black red brown 
brown black black brown 


OUCVCUKU 
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Fig.5: the dial label for the desktop version. It 
can be downloaded in PDF format from the EPE 
website. 


Fig.4: this is the drilling template for the loudspeaker grille 
in the desktop version. Drill and ream all holes to 5mm. 


ae 


Phones Volume 
5mm 3mm 6mm 


7mm a 
Align with bottom edge of aluminium front panel 


Power 


Fig.6: the drilling template and control 
panel for the desktop version. 


65mm x 86mm, and is available from 
the EPE PCB Service. This PCB is used 
for both the pocket and desktop ver- 
sions. The only difference is that for 
the pocket version, you will need to 
make the corner cut-outs at one end of 
the board, adjacent to VR1 and switch 
S1, to allow the board to clear a couple 
of pillars in the case. In practice, it’s 
just a matter of using a small hacksaw 
to cut away the corners and then filing 
the cut-outs to shape. 
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Fig.3 shows the assembly details 
for the PCB. Before installing any 
parts, check that the corner mount- 
ing holes and the holes for the cable 
ties are all 3mm in diameter. That 
done, start the assembly by install- 
ing the resistors, Zener diode ZD1 
and diodes D1 and D2. Note that the 
diodes must all be correctly oriented, 
as shown on Fig.3. 

Table 1 shows the resistor colour 
codes, but it’s also advisable to check 


each one using a digital multimeter 
(DMM) before installing it. 

Next, install PCB stakes at the ex- 
ternal wiring points, followed by the 
MKT and ceramic capacitors, then 
IC1, transistor Q1 and IC2 (LM386N). 
The latter can either be soldered to 
the board or you can mount it via an 
8-pin IC socket. Make sure that it goes 
in the right way around. 

IC1 and Q1 must also be correctly 
oriented. Fig.3 shows how to install 
1C1 if using an MK484 or TA7642 de- 
vice. Ifyou have a Ferranti ZN414Z in 
your parts drawer, then this can also 
be used, but note that its GND and 
OUT pins are reversed compared to 
the MK484 and TA7642. This means 
that it would have to be rotated 180° 
when installing it on the PCB (ie, in- 
stall it with its flat side towards Q1). 


Installing the LEDs 

LED1 (red) is mounted by first 
bending its leads down through 90° 
exactly 7mm from its body. It’s then 
installed with the centre of its lens 
6mm above the PCB and this can be 
done by pushing its leads down onto 
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a 6mm-high cardboard spacer. Its 
anode lead is the longer of the two 
and the LED must go in with this lead 
adjacent to switch S1. 

The two infrared LEDs (LED2 and 
3) are mounted by pushing them all 
the way down onto the PCB before 
soldering their leads (they simply 
provide a voltage reference for tran- 
sistor Q1). 

The electrolytic capacitors can go 
in next and these must be oriented as 
shown on Fig.3. Make sure that the 
tops of these capacitors are no more 
than 12.5mm above the PCB if build- 
ing the pocket version, otherwise the 
lid of the case will not fit correctly. 
Once they’re in, install potentiometer 
VR1, trimpot VR2, switch S1, the DC 
socket (CON1) and the 3.5mm stereo 
socket (CON2). 


Installing the antenna rod 

Two 100mm cable ties are used to 
secure the ferrite rod antenna to the 
PCB. Once it’s in place, separate out 
the four wires for the two coils and 
find the two that have the greatest 
resistance. On our prototype, the main 


Constructional 


winding on the ferrite rod measured 
about 10Q, while the separate antenna 
winding measured 20. 

The next step is to connect the coil 
with the 10Q resistance to PC stakes 
‘1’ and ‘2’. You will find that one of 
the leads of this winding emerges 
from inside the coil — this is the wire 
to connect to PC stake 1. For the rod 
used in our prototype, it’s also the 
unmarked lead. 

The other lead of the 10Q winding 
goes to PC stake 2 and this wire will 
have a blue marking. Connecting the 
main coil in this way will give the 
highest selectivity (ie, the highest Q). 

The other two wires (ie, in the 20 
antenna winding) are marked red and 
green. These go to PC stakes 3 and 
4 and can be connected either way 
around. 


Installing VC1 

Variable capacitor VC1 is mounted 
on the front panel in the desktop ver- 
sion and is connected via flying leads 
(see photo). So, if you’re building this 
version, just solder two 100mm-long 
lengths of light-duty hook-up wire to 
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This view shows how the PCB 
assembly, tuning capacitor and 
} loudspeaker are mounted on the 
‘back ofthe aluminium panel and 
connected via flying leads. 
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VC1’s pads for the time being — see 
Fig.3. 

Alternatively, if you’re building 
the pocket version, VC1 is mounted 
on the PCB itself. It’s not just a mat- 
ter of installing it flush with the PCB 
though - instead, it has to be mounted 
2.5mm above the PCB using a couple 
of spacers, so that the tuning thumb- 
wheel doesn’t later foul the bottom of 
the case. You can use a couple of TO- 
220 insulating bushes as the spacers 
and you must secure the assembly us- 
ing two M2.5 x 6mm machine screws. 

Don’t use screws that are longer 
than 6mm, otherwise they will foul 
the plates inside VC1 and you won’t 
be able to turn the tuning shaft. 

The battery clip lead can now be 
connected to its PC stakes, adjacent 
to CON1. Be sure to loop the leads 
through the two strain relief holes in 
the PCB. 

Note that if you are building the 
pocket version, the battery clip must be 
first placed inside the battery compart- 
ment. Its leads are then fed out through 
a slot at one end and looped through 
the holes in the PCB. 
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Constructional Project 


Preparing the case that’s used 
to house the pocket version mainly 
involves drilling its end panel, to pro- 
vide clearance holes for VR1, CON2, 
LED1 and power switch S1. The 
control panel label shown as Fig.7 
indicates the drilling details and can 
be downloaded as a PDF file from 
the EPE website. 
Print the label out, trim off the hole 
size markings and attach it to the end 
panel using double-sided adhesive 
tape. Alternatively, you can print 
the label onto adhesive-backed 
photo-paper and attach it directly 
to the panel. The holes can then be 
drilled to the sizes indicated. Use a 
1mm pilot drill to start each hole, to 
ensure accuracy. 
In addition, you will have to mark 
3 out and cut a hole in one side of 
ws 4 = the case for the DC connector. 
eo = = You can determine the location of 
ee Le03 z this circular cut-out by temporarily 
: - positioning the PCB in the case. 
A rat-tail file is then used to make 


Above: this is the view inside the completed 
pocket version but without the battery snap 
fitted. Note the corner cutouts in the PCB at 
the top, to clear the case pillars. 


This edge view shows the slot for the tuning 
thumbwheel and the hole for the DC socket. 


Desktop version assembly the pieces glued together using butt 
The desktop version’s case is built joints to make a frame (see photo). 
using a length of 800 x 90 x 19mm A 200 x 120mm aluminium sheet 


dressed pine. This is cut into two (1mm thick) is used for the front panel. 
238mm and two 120mm lengths and This panel is recessed by 3mm into the 


Power Phones Volume 
5mm 3mm 6mm 7mm 


> Fig.9: this is the full-size front panel label for the pocket version. 


Building the pocket version 


the cut-out and you will need to remove 
material from both the top (mostly) and 
bottom sections. 

A slot is also required in the bottom 
section for the tuning thumbwheel. 
The bottom of this slot is flush with the 
inside base of the case and is 4mm 
high x 29mm wide, centred on VC1’s 
tuning shaft. 

Fig.8 shows the thumbwheel dial 
label. Print it out and carefully trim it 
to size before attaching it to the plastic 
thumbwheel. It must be affixed to the 
top of the thumbwheel and must be 
oriented correctly so that the full range 
of dial markings will be available over 
the 180° tuning range. 

The pocket version assembly can 
now be completed by slipping the 
PCB into the case and securing it to 
the base of the case using four No.4 
x 6mm self-tapping screws. These go 
into matching integral mounting pillars 
in the case. You will also have to fit the 
battery snap connector (see text) and 
the front panel label (Fig.9). 


Fig.7 (above) shows the drilling template and 
control panel for the pocket version. 


Fig.8 at right is the dial label for the 
thumbwheel that’s supplied with VC1. 


+ 


2 
9-12VDC 


timber frame and attached by gluing 
its inside corners to cleats located at 
each corner. 

Before attaching the aluminium 
panel, you have to drill the holes for 
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a loudspeaker grille, plus holes for the 
power switch, LED indicator, head- 
phone socket and volume pot. Fig.4 
shows the drilling template for the 
loudspeaker grille, while Fig.6 shows 
the front-panel label/drilling template 
(also available for download from the 
EPE website). Attach this template to 
the panel using double-sided tape, 
with its bottom edge aligned with the 
bottom of the panel, then drill the 
holes to the sizes indicated. 

Variable capacitor VC1 is also mount- 
ed on the aluminium panel. It’s just 
a matter of positioning it so that the 
84mm-diameter tuning wheel that’s 
used is clear of the controls and the 
speaker grille. You will have to drill 
and ream a 7mm clearance hole for 
VC1’s shaft, plus two 2.5mm holes to 
accept its mounting screws. 

Once all the holes have been drilled, 
glue the aluminium front panel to the 


Constructional Project 


The large tuning knob used in the desktop version previously served as the 
lid of a fruit container. It has two timber strips glued to its inside base and 


the thumbwheel supplied with VC1 is glued to these strips as shown at left. 


cleats, then attach the PCB assembly to 
the panel and do up the nuts for VR1, 
CON2 and S1. The mounting holes for 
the rear of the PCB can then be marked 
on the wooden base (using the PCB 
mounting holes as a guide). Carefully 
measure the locations of these holes, 
then mark corresponding locations on 
the outside (bottom) of the case. 

Before drilling these holes, remove 
the PCB assembly to avoid accidental 
damage. Once it’s out, drill two 3mm 
holes right through the base at the 
marked locations and countersink 
these holes by 2mm using an oversize 
drill — just enough so that the heads 
of 3mm machine screws fit inside and 
do not protrude below the surface of 
the timber. 

That done, the PCB assembly is refit- 
ted to the front panel and M3 x 6mm 
tapped nylon spacers are attached to 
its rear mounting holes using M3 x 
5mm screws. These spacers are then 
secured to the timber base using M3 x 
20mm machine screws fed up through 
the countersink holes. 
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If the top and bottom screws ‘col- 
lide’ inside the spacers, fit nylon or 
fibre washers under the top screw 
heads. Alternatively, if the counter- 
sinking is too deep, you can fit washers 
under the bottom screw heads (or you 
can shorten the 20mm screws). 

Tuning capacitor VC1 can now be 
secured to the front panel using the 
two M2.5 x 3mm machine screws 
supplied. It’s then fitted with its tun- 
ing wheel. For our prototype, we used 
an 84mm-diameter tuning wheel that 
previously served as the lid ofa plastic 
fruit container. The small thumbwheel 
supplied with VC1 is attached to the 
inside of this lid by first gluing two 
parallel 4mm-high x 6mm-wide timber 
strips either side of centre and then 
gluing the thumbwheel to these using 
silicone adhesive, as detailed below. 


Centring the thumbwheel 

It’s vital to correctly centre the thumb- 
wheel inside the lid. This is done by 
first drilling asmall pilot hole through 
the centre of the lid, then enlarging 
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Constructional Project 


This is the view inside the completed desktop version. The rear of the PCB rests on M3 x 6mm tapped spacers which are 
secured using machine screws. You can either use silicone to secure the aluminium panel to the internal cleats or you can 
drill holes at the corners and fasten the panel to the cleats using small wood screws. 


this hole to about 4mm using a ta- 
pered reamer. It’s then just a matter 
of visually lining up the centre of the 
thumbwheel with this hole when the 
thumbwheel is glued in place. 

Be sure to attach the thumbwheel 
with its collar facing outwards. 

You should now wait 24 hours for 
the silicone to set before attaching the 
tuning wheel to VC1’s shaft. The centre 
hole through the lid provides access 
to the thumbwheel screw. 


Dial label 
Fig.5 shows the dial label and this is also 
available in PDF format from our web- 
site. Before affixing it to the lid, rotate 
the tuning wheel to its centre position. 
The dial label can then be glued in place 
with the ‘kHz’ marking at the bottom. 
A sharp hobby knife can be used to 
cut out the centre hole to provide ac- 
cess to the thumbwheel screw should 
this later become necessary. 


Final wiring 
The loudspeaker can now be fitted 
and the wiring run to it and to tuning 
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capacitor VC1. In our case, we used a 
smear of silicone sealant at each corner 
to secure the speaker to the rear of the 
aluminium panel. Alternatively, you 
could drill mounting holes through 
the panel and secure the speaker using 
M4 x 10mm machine screws, washers 
and nuts. 

You will need to connect the two 
leads from the PC stakes at the front 
of the PCB to the speaker. Another 
two leads run from the PCB to VC1. 
Note that the centre terminal of VC1 
must go to the ground connection 
(ie, the centre terminal for VC1 on 
the PCB). 

Finally, the battery clip holder can 
be secured to the base using a wood 
screw. It’s optional, however — leave 
it out if you intend to only power the 
unit from a plugpack supply. 


Testing 

To test the unit, apply power and check 
that LED1 lights when S1 is switched 
on. If it doesn’t, check that the supply 
leads are the correct way around and 
that diode D1 and LED1 are oriented 


correctly. Check also that Q1’s emitter 
is at about 1.4V. 

If everything is correct, monitor 
the output (ie, via headphones or the 
loudspeaker) and tune in a station. 
When you find one, adjust trimpot 
VR2 for best sound quality (ie, for 
minimum distortion and noise). This 
trimpot sets the operating voltage at 
IC1’s input so that it operates correctly, 
without high-frequency oscillation or 
distortion which can occur if VR2 is 
adjusted too far clockwise. 

On the other hand, adjusting VR2 
too far anticlockwise can result in 
excess noise. 

The next step is to make some 
simple alignment adjustments, so 
that the receiver covers the correct 
tuning range. First, if there’s a local 
station at the low-frequency end of 
the dial (ie, close to 530kHz), check 
if the station can be tuned in. If it 
cannot, it will be necessary to adjust 
the set to give a lower minimum 
tuning frequency and that’s done by 
sliding the coil towards the middle 
of the ferrite core. 
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Parts List 


1 PCB, available from the EPE 
PCB Service code 06101121, 
64mm x 86mm 

1 OV battery 

1 9V battery clip lead 

1 miniature PCB-mount SPDT 
toggle switch (S1) 

1 10kQ log potentiometer, 9mm 
square, PCB-mount (VR1) 

1 100kQ horizontal miniature 
trimpot (VR2) 

1 knob to suit volume pot 

1 switched 2.5mm PCB-mount 
DC socket (CON1) 

1 PCB-mount 3.5mm stereo 
socket (CON2) 

1 DIP8 IC socket (optional) 

1 tuning coil with ferrite rod (L1) 
(Jaycar LF1020) 

1 tuning capacitor 60-160pF 
(VC 1) 

2 100mm cable ties 

8 PC stakes 


Semiconductors 

1 MK484 single chip AM radio 
(IC1) OR 1 TA7642 single 
chip AM radio (IC1) 

1 LM386N amplifier (IC2) 

1 BC547 NPN transistor (Q1) 

1 3mm high-brightness red LED 
(LED1) 

25mm IR LEDs (LED2,LED3) 

1 4.7V 1W Zener diode (ZD1) 

1 1N5819 1A Schottky diode 
(D1) 

1 1N4148 diode (D2) 


Capacitors 

2 470pF 16V PC electrolytic 
2 100pF 16V PC electrolytic 
2 10yF 16V PC electrolytic 
3 100nF MKT polyester 


Alternatively, to obtain a higher 
minimum frequency (eg, if stations 
close to 530kHz are coming in too early 
in the band), slide the coil towards the 
end of the ferrite rod. The waxed paper 
end of the coil former may need to be 
trimmed if the coil needs to be posi- 
tioned slightly past the end of the ferrite 
rod, but be careful not to cut the wires. 

Now tune to a station at around 
1600kHz (if possible). The upper tun- 
ing frequency can then be adjusted 
using the padder capacitor adjustment 
screw at the rear of VC1 (the one clos- 
est to its output pins). 


1 47nF MKT polyester 
1 18nF MKT polyester 
1 10nF MKT polyester 
1 470pF ceramic 


Resistors (0.25W, 1%) 
1 100kQ 1 2.2kQ 
1 27kQ 2 1kQ 
1 6.8kQ 2 100 


Extra parts for desktop version 

1 aluminium panel 200mm x 
120mm xX 1mm 

190 x 19 x 800mm length of 
timber (pine or similar) 

1 100mm 4Q loudspeaker 

1 84mm diameter tuning dial 
(eg, the lid from a plastic fruit 
container) 

1 dial label, 71mm diameter 

1 9V battery clip 

1 wood screw to secure battery 
holder 

2 M3 x 5mm screws 

2 M3 x 20mm screws 

2 M3 x 6mm tapped standoffs 

1 100mm length of green light- 
duty hook-up wire 

1 100mm length of white light- 
duty hook-up wire 

1 200mm length of black light- 
duty hook-up wire 


Extra parts for pocket version 

1 remote control case 135 x 70 
x 24mm 

1 front panel label, 50 x 114mm 

2 2.5mm spacers (eg TO-220 
insulating bushes) 

2 M2.5 x 6mm screws 

4 M3 x 6mm screws or No.4 x 
6mm self-tapping screws 


If you don’t have stations available 
at the two frequency extremes (or 
close to them), then adjust the ferrite 
rod coil and padder screw so that 
the stations tune in at the indicated 
positions on the dial. It’s just a mat- 
ter of adjusting the coil for stations 
at the low-frequency end of the dial 
and the padder screw for stations at 
the high-frequency end until the best 
compromise is achieved. 

Finally, for a full list of AM broad- 
cast stations in the UK see: http:// 
en.wikipedia.org/wiki/List_of_ra- 
dio_stations_in_the_United_Kingdom 
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Which direction for 
the connected car? 


vTecnnolalk 


Mark Nelson 


Pundits declare that the connected car market worldwide will be worth £31 billion in 2018, 
along with an almost sevenfold increase in the number of new cars equipped with factory- 
fitted mobile connectivity over the next five years. This will provide valuable safety and security 
features, as well as infotainment and navigation services. Marvellous news - or potentially 
perilous? Mark Nelson lifts the bonnet on the issues. 


UT WHAT IS A CONNECTED 

car actually? If you take the sober 
definition offered on Wikipedia, it is 
‘a car that is equipped with Internet 
access, and usually also with wireless 
local area network. This allows the 
car to share Internet access to other 
devices both inside and outside the 
vehicle.’ Often, it continues, the 
car is also provided with special 
technologies that provide additional 
benefits to the driver, such as alerting 
you if you exceed the speed limits or 
automatic notification if your car is 
involved in an accident. Connected 
cars are also benefitting from new 
smartphone apps that interact with 
your vehicle from any distance to 
unlock your car, find its location or 
check its battery status (important for 
electric cars). 


Battle for the money 

You won’t be surprised to learn that 
there’s serious money to be made from 
the rise of the connected car, or that 
there’s a battle between manufacturers 
to set the definitive standards for 
interconnecting user devices to the 
connected car. Earlier this year the 
formation was announced of the 
Open Automotive Alliance, a global 
alliance of tech-stuff and car industry 
leaders committed to promoting the 
Android platform in cars. Members 
include Audi, GM, Google, Honda, 
Hyundai and chip maker Nividia. 
CarPlay is a purely Apple initiative to 
connect iPhone 5/5c/5S devices to car 
infotainment units using iOS 7 to cars 
using Apple’s Lightning connector 
(not a lightning conductor!). 

Trailing behind somewhat, 
Microsoft announced its (concept- 
only) plans for the connected car, 
based on the Windows operating 
system (I bet you can guess what I 
am thinking — so there’s no need to 
put it into words!). Apparently, it 
will connect with Windows Phone 
8.1 to enable users to make telephone 
calls, play music and more, although 
hopefully in a hands-free manner 
that doesn’t divert their eyes from 
the road ahead. To quote a respected 
trade journal, ‘Microsoft has a lot of 
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ground to make up in the connected 
vehicle market, but it does have some 
tricks up its sleeve’. Having bought 
Nokia’s mobile handset business, the 
conglomerate is investing some £59 
million into this new market. 


Deadly downside 

If Microsoft is able to guarantee 
unconditionally the integrity of its 
Windows operating system when 
applied to a motor vehicle, then we 
have nothing to fear, but the potential 
for other kinds of disaster must still 
be considered with great care. If there 
is any possibility for the connectivity 
provided in connected cars _ to 
communicate with the vehicle’s Engine 
Control Unit (ECU), then be very afraid. 
In the USA two ‘white hat’ hackers 
now funded by the US government 
have demonstrated how they hijacked 
a Ford Explorer and a Toyota Prius 
wirelessly (http://www.forbes.com/ 
sites/andygreenberg/2014/04/08/ 
darpa-funded-researchers-help-you- 
learn-to-hack-a-car-for-a-tenth-the- 
price/). And if you read my October 
2013 article you will remember the 
tale of the American ‘gadfly’ journalist 
Michael Hastings, who was killed 
when his 2013-model Mercedes- 
Benz C250 went out of control. At the 
time, a former chief counter-terrorism 
adviser stated that Hastings’ death 
was ‘consistent’ with a cyber-attack on 
his car, adding that not only does the 
technology to hack cars exist, but ‘there 
is reason to believe that intelligence 
agencies for major powers, like the 
United States, are already equipped to 
stage such an attack.’ 


Hack attack 

Modern cars are potentially easy to 
hack in this way because they employ 
an ECU to manage engine power, 
transmission and braking. ‘Hardware 
hackers’ have already demonstrated 
a device costing £16 to make that 
can bypass the security encryption of 
ECUs. This gizmo currently needs to be 
installed on the target car, but the next 
version will be wireless. Right now we 
are still in the ‘spark transmitter’ or 
‘crystal set’ stage of development, but 


leading antivirus software supplier 
Kaspersky Lab reckons we need to take 
this threat entirely seriously (http:// 
blog.kaspersky.com/car-hacking/). 


Suspect science 

If you are bombarded with the ‘you 
must see this’ type of e-mails from 
your techie friends, you will probably 
have seen the following filmlet already: 
http://sixtysymbols.com/videos/car_ 
key.htm 

It’s all about extending the distance 
from which you can unlock your 
car using the electronic key and 
endearingly the e-mail states: ‘Might 
not be useful to you because you don’t 
drive, but if you share it with those 
important people who do, they will 
love you more for it.’ ’H] do anything 
to get people to love me, so what’s 
it all about? Well, Professor Roger 
Bowley, who is ‘a popular lecturer 
and respected theoretician’ at the 
University of Nottingham purports 
to show how he unlocks his car from 
various distances, using waves from 
his key, brain and a big bottle of water. 
I imagine this was made as an April 
Fool’s Day spoof, as I have never seen 
such (amusing) drivel in my life. 

I confess I am not a professor and I 
learned radio the hands-on way. My 
knowledge of radio theory extends 
as far as a City & Guilds certificate 
and passing the radio amateur exam, 
but as far as I know, the human brain 
is unable to amplify radio signals. 
I suspect the reason why this trick 
appears to increase the range is because 
at different stages of the experiment 
the professor inadvertently changes 
the polarisation of the signal from 
horizontal to vertical (or vice versa). 
You see him do this if you watch 
closely. Also, sometimes he holds the 
key fob broadside, at other times in line 
with the blade. No consistency at all. 
Practical tests confirm that orienting 
the key into a vertical position makes 
a significant difference. 

If you look on the Internet you 
will find other people making very 
similar ‘discoveries’ and plenty of 
discussion, ill-informed and totally 
unscientific in the main. 
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VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win a PICDEM FS-USB 
Demo Kit and MPLAB ICD 3 In-Circuit Debugger. The PICDEM FS-USB (DM163025-1) is a demon- 
stration board for the PIC18F2x/4xK50 family of USB MCUs. These devices support full-speed USB 
communication without the need for an external crystal, which allows significant cost savings and reduced 


design effort. The demo kit provides all of the hardware needed to demonstrate and develop a complete 
USB communication solution. 


The microcontroller for the PICDEM FS USB board DM163025-1 is the PIC18F45K50, the superset (largest 
memory and pin count) device of the PIC18(L)F2X/45K50 family. These devices implement power-saving 
nanowatt technology, enhanced Flash program memory, and feature USB modules with the following: 


¢ USB 2.0 compliance ¢ Full-speed (12 Mbit/s) and low-speed (1.5 Mbit/s) operation ¢ Support of control, 
interrupt, bulk and isochronous transfers ¢ Support of up to 32 endpoints * 1 Kbyte of dual access RAM 


for USB ¢ On-chip features for a true single-chip USB implementation, including; USB transceiver; USB 
voltage regulator; USB pull-up resistors. 
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HOW TO ENTER 


For your chance to win these development kits, please visit: 
http:/;www.microchip-comps.com/epe-fsusb and enter your details in the online entry form. 


CLOSING DATE 
The closing date for this offer is 30 September 2014 
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By JOHN CLARKE 


a - ae fake asa iterate eet and ornaments that 
have no life? Why not build a vibrant electronic brooch or ornament 
instead? LED Ladybird uses high-brightness LEDs for its eyes, wings 
and abdomen, and it flashes these in a fetching moving pattern. 


F YOU ARE AFTER something dif- 

ferent to wear at a party or dance, 
it’s hard to look past the LED Ladybird. 
Suitably fitted with a clasp, you could 
wear it as a brooch, or you could attach 
it to a headband or maybe even use it 
as an earring or pendant. 

Perhaps you could just build it as a 
fascinating coffee table piece, a school 
project or an executive toy. Apart from 
that, it’s a great little project for honing 
your ‘surface-mount’ assembly skills. 

So why have we called it an LED 
Ladybird? Well, first, because it’s 
shaped like a real ladybird and second, 
because it incorporates LEDs! We’ve 
taken a few liberties with the colours 
though. A real ladybird has an orange 
body with black spots, but that’s im- 
practical for our electronic version 
because there are no black LEDs. 


So, we reversed the colours, using 
a black PCB to make up the body and 
20 orange LEDs for the spots. Two 
high-brightness red LEDs are used for 
the eyes. 

We’re not too sure what colour eyes 
areal ladybird has, but red looks pretty 
good in our opinion. Besides, they 
needed to be different to the orange 
LEDs used for the spots. 

As shown in the photos, the PCB’s 
outline matches the shape of a real 
ladybird beetle; ie, it’s roughly 
pear-shaped. Along with the LEDs, 
we've also fitted six wire legs and 
two antennae to the PCB, to make 
it more ladybird like. There’s also a 
pushbutton switch to turn it on or 
off and it’s all powered from a single 
3V lithium cell slung underneath the 
insect’s belly. 


LED sequence 

When you turn it on, the LEDs flash in 
an intriguing and fascinating sequence. 
This sequence is designed to mimic the 
flapping of a ladybird’s wings, from 
take-off to landing. 

First, the two red eyes come on one 
after the other (and stay on), then the 
eight central LEDs (six abdomen and 
two rear) flash once in a chaser se- 
quence. Once that’s completed, the six 
orange LEDs making up the righthand 
wing begin flashing, slowly at first then 
gradually increasing in speed before 
slowing down again. 

These six right-wing LEDs then ex- 
tinguish and the six left-wing LEDs 
repeat the sequence, after which both 
sets of wing LEDs flash together. The 
eight central LEDs then get in on the 
act, two at time, with all LEDs on the 


os & & 


These four diagrams show the basic LED flashing (flying) sequence. First the red eyes come on and the orange LEDs for 
the right wing flash. The left wing then flashes, then both wings and then all the LEDs flash, including those down the 
middle. In practice, it’s a bit more complicated than that, so take a look at the video on our website (see text). 
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beetle (including the eyes) then flash- 
ing together. 

After that, there’s some more fancy 
footwork with the eight central body 
LEDs entering a chase sequence while 
the other LEDs all flash at a rapid rate. 
The unit then goes into a power-down 
sequence with the central LEDs going 
out, and the wing LEDs flashing at a 
decreasing rate until they extinguish. 

Finally, the eight trail LEDs and the 
red eyes flash once in a chaser sequence, 
from rear to centre, after which the two 
eyes extinguish and the unit automati- 
cally powers down. 

Alternatively, you can switch the unit 
off at any time while it is operating by 
pressing the power switch. 

Of course, it’s far more interesting 
when you see it in action. So don’t just 
rely on the written description. Instead, 
take a look at the video at: siliconchip. 
com.au/videos/ledladybird 


LED LADYBIRD 


BODY LEDS 


Continuous party mode 

Normally, the LED Ladybird runs 
through a single cycle of its entire LED 
lighting sequence and then automati- 
cally switches off to save power. It can 
be run again at any time simply by 
pressing the pushbutton power switch. 

Alternatively, it can also be set up 
to continuously repeat its LED lighting 
repertoire until switched off with the 
pushbutton switch. This continuous 
mode setting is ideal if you want to 
wear the LED Ladybird to a party or use 
it as a display in a shop window or on 
a Christmas tree. 

Switching the unit to operate in 
continuous mode is easy — just hold 
the pushbutton switch down for several 
seconds when switching on, until the 
right eye blinks off briefly. 

We estimate that the lithium cell 
will last for about 10 hours when the 
unit is operated in continuous mode. 
If you require longer than this, then 
the unit can be powered from two AA 
cells (or any other external 3V supply) 
connected via a length of twin cable. 
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Circuit details 

Take a look now at Fig.1 for the circuit 
details. It’s really very simple and uses 
an 18-pin PIC microcontroller (IC1), 22 
LEDs and not a lot else. All the clever 


stuff is hidden inside the microcon- Fig.1: the circuit uses a PIC16LF88-I/SO 


microcontroller to control two red LEDs for 


ler, which i d 5 : 
a ay mona Perea tonne the eyes and 20 orange LEDs for the wings and e B 
i on : body. The LEDs are pulse-width modulated g 
_As shown, the 3V supply rail (from a to ensure constant brightness, while power é 
lithium cell or two AA cells) is bypassed Porn nett comnts Valithimicells 


with a 1pF ceramic capacitor. Diode D1 
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TOP VIEW 


BOTTOM VIEW <s 


Fig.2: install the parts on the PCB as shown in these diagrams and photos, starting with 
IC1 and the other surface-mount devices on the bottom. The LEDs can then be installed 


on the top, then the cell holder on the bottom and finally switch S1 on the top. 


Parts (List 


1 PCB, available from the EPE PCB 
Service code 08103131, 43 x 
32mm (with black solder mask) 

1 SPST vertical mount micro-switch 
with 6mm actuator (S1) 

1 20mm button cell holder 

1 CR2032 lithium cell 

1 200mm length of 1.25mm 
enamelled copper wire 

1 40mm length of 1mm 
enamelled copper wire 


Semiconductors 

1 PIC16LF88-I/SO microcontroller 
programmed with 0810313A.hex 
(IC1) 

20 3mm orange LEDs, 1700mcd 
(LEDs1-20) 

2 3mm red LEDs, 1000mcd 
(LED21,LED22) 

1 BC807 (SOT-23) surface-mount 
PNP transistor (Q1) 

1 SM4004 1A diode (D1) 


Capacitors 
1 1pF MMC 


Resistors (0.25W, 1%) 
1 10kQ axial lead 
1 2.2kQ SMD 1206 (3216 metric) 
1 220Q SMD 1206 (3216 metric) 


Alternative external 3V supply 

1 SM5404 3A diode or use an 
axial-lead 1N5404 across the 
supply (D1) 

1 dual AA-cell battery holder 

2 AA cells 

1 length light-duty figure-8 wire 
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provides reverse polarity protection — it 
conducts and limits the voltage applied 
to IC1 to just -0.6V should the supply 
be connected in reverse. This diode isa 
1A type for use with a 3V lithium cell, 
but it should be upgraded to a 3A type if 
using an external supply (see parts list). 

Note that a Schottky diode should 
not be used here. These have significant 
reverse leakage and would draw tens of 
microamps continuously from the cell, 
flattening it prematurely. 

IC1, a PIC16LF88-I/SO, is a surface- 
mount SOIC low-power version of the 
PIC16F88. This device can operate 
down to just 2V. Diode D1, transistor 
Q1 and the 2.2kQ and 220Q resistors 
are also all surface-mount devices. 

IC1’s MCLR input (pin 4) is tied to the 
+3V supply rail via a 10kQ resistor, so 
that the micro resets at power-on. Pin 
14 (Vdd) of the micro connects directly 
to the +3V rail, while on/off switch S1 
connects between its RBO input (pin 6) 
and ground. This RBO input is normally 
pulled high to the +3V supply rail via an 
internal pull-up resistor, but is pulled 
low each time S11 is pressed. 

Normally, IC1 is asleep, with its 
internal oscillator stopped and the 
microcontroller section not running. 
This places IC1 in its lowest current 
draw state. It typically draws 100nA in 
this mode, but we measured just 11nA 
for our prototype. 

Pressing S1 pulls RBO (pin 6) low. 
This wakes IC1 and starts the software 
running. Pressing the switch while IC1 
is running places it in sleep mode gain. 

LEDs1-22 are driven directly by IC1’s 
output ports, without current-limiting 
resistors. This was done both to save 
on the parts count and because there’s 
no space for current-limiting resistors 
on the PCB. 


10k rarer ff) fda 
DETAIL ALONG TW kt eae | 


CENTRE LINE . 
PCB = DI 


Fig.3: this sectional view shows 
how the 1uF capacitor is installed 
at the rear of the PCB, with one 
lead routed over the top of D1. 


Driving the LEDs in this way is quite 
acceptable provided we don’t cause 
too much current to flow in the output 
pins. In this circuit, the maximum sup- 
ply voltage is around 3.3V (with fresh 
cells) and this prevents each output 
from sinking more than about 21mA. 
This is within the limits allowed for 
both the microcontroller’s output pins 
and for the LEDs. 

How do we arrive at that figure? Well, 
the impedance of the output pins is typi- 
cally 70Q and there will be 1.8V across 
each LED when it is on. This means that, 
with a 3.3V supply, the voltage across 
the 70Q output impedance will be 1.5V, 
so the current through the LEDs will be 
1.5V + 70Q = 21mA. 

As the cell voltage falls, so does the 
LED current. For example, at a cell 
voltage of 2.2V and with 1.8V typically 
across the LEDs, there is just 0.4V across 
the 70Q output impedance and so the 
current is just 5.7mA. 

That means that the average LED 
current and hence the LED brightness 
would be dependent on cell voltage un- 
less steps are taken to prevent this. So, 
to maintain a constant LED brightness 
independent of cell voltage, the LEDs 
are driven with a variable pulse width 
modulated (PWM) supply. 

In this circuit, the LEDs are switched 
on and off at a 1kHz rate, with the 
duty cycle varied to provide constant 
brightness. At a 50% duty cycle (ie, 
LEDs switched on and off for equal 
periods), the average LED current is 
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half that compared to a 100% duty 
cycle (ie, LEDs switched on all the 
time). So by varying the duty cycle, 
we can control the average current 
through the LEDs. 

IC1’s PWM output is at pin 9 and 
this drives PNP transistor Q1. This 
transistor in turn switches the sup- 
ply to all the LEDs which have their 
anodes wired in parallel. This means 
that the supply to the LEDs switches 
off each time the PWM signal goes 
high (Q1 off) and switches on when 
the PWM signal goes low (Q1 on). The 
duty cycle is set to produce consistent 
LED brightness over the cell voltage 
range from 2 — 3.3V. 


Measuring cell voltage 

In order for IC1 to correctly vary the 
PWM signal, it needs to accurately 
measure the cell voltage. That’s done 
indirectly by first switching Q1 fully 
on and taking IC1’s RB4 output (pin 
10) low to drive LED21 via a 2200 
resistor. The resulting voltage across 
the 220Q resistor is then measured 
by IC1’s AN3 analogue input (pin 
2) and this is then used to calculate 
the correct PWM duty cycle to drive 
the LEDs. 

This measurement is made at the 
start of each LED flashing (or flying) 
sequence (ie, when power is applied 
or at the start of each sequence if the 
unit is operating in continuous mode) . 

Once this measurement has been 
made, the RB4 output is set as an input, 
AN3 is set to an output and the PWM 
signal operates at the required duty 
cycle. That way, LED21 can now be 
driven directly by the PWM voltage at 
Q1’s collector and RA3 (ie, the 220Q 
resistor is taken out of circuit). This 
LED is on when RA3 is set low, while 
the other LEDs turn on when IC1 sets 
their respective outputs low. 

Note that while the two eye LEDs 
are driven independently, the remain- 
ing LEDs are driven as sets of two in 
parallel. When the circuit is running 
and flashing the LEDs, the current 
drawn from the cell averages out at 
about 8mA. 


Building it 
OK, let’s put LED Ladybird together. 
As shown in Figs.2 and 3, all the parts 
are mounted on a PCB which is avail- 
able from the EPE PCB Service, coded 
08103131 and measuring 43 x 32mm. 
Start by checking the PCB for any 
faults such as shorted tracks and un- 


Above: another view of our prototype LED Ladybird, along with a diagram 
showing the LED numbering scheme (right). 


drilled holes. The PCB supplied by 
the EPE PCB Service is double-sided, 
plated through, solder masked and 
screen printed. These are high-quality 
boards and are unlikely to have any 
defects — but it’s always a good idea 
to check. 

Having checked the board, begin 
the assembly by installing the surface 
mount parts on the underside — see 
Fig.2. IC1 should go in first. This is an 
18-pin SOIC package and it’s relatively 
easy to solder in place due to its 0.05- 
inch pin spacing. You will need a fine- 
tipped soldering iron, some solder wick 
and (preferably) a magnifying lamp to 
do the job. 

The first step is to position the IC on 
top of its pads, making sure that it is 
oriented correctly. That done, solder 
pin 1 to hold it in place, then check 
to make sure that all the pins are cor- 
rectly aligned with their pads. Adjust 
its position if necessary, then solder 
all the remaining pins, starting with 
the diagonally opposite pin (pin 10). 

Don’t worry if you get solder bridges 
between adjacent pins during this 
process; they are virtually inevitable. 
Once all the pins have been soldered, 
any bridges can be cleared by pressing 
solder wick against them using the hot 
tip of a soldering iron. This will soak 
up the excess solder while leaving the 
solder joint between the bottom of the 
pin and its pad intact. 

The 2.2kQ and 220Q SMD resistors 
are installed next. It’s just a matter of 
soldering these at one end first, then 
making sure they are correctly posi- 
tioned before soldering the other ends. 
Once they’re in, you can install SMD 
transistor Q1. 

Now flip the PCB over and install the 
10kQ resistor. This is a conventional 
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leaded part and it must be installed 
with its ends cranked slightly as 
shown in Fig.2. This resistor must also 
be offset to the right, ie, the righthand 
lead must be bent close to the resis- 
tor’s body. 

This is necessary to ensure that, when 
the LEDs are later installed, one LED’s 
lead will straddle the central section 
of the resistor’s body, while the leads 
of the adjacent LED to its left will be 
clear of the resistor end cap. That way, 
the LEDs that straddle this resistor will 
have their leads clear of the end caps—a 
necessary precaution to avoid possible 
short circuits. 

Diode D1 (another SMD) can now 
go in. It must be installed with its 
cathode end towards the bottom edge 
of the PCB (ie, towards the rear of the 
ladybird). Once it’s in, the next step 
is to install the 1pF MMC capacitor in 
parallel with this diode. This capacitor 
will need to have its leads bent so that 
it sits vertically between LEDs 7 and 
8. The top lead is then run across the 
top of diode D1 (ie, between LEDs 5 
and 6) and soldered to the diode end 
adjacent to the 10kQ resistor. 

You can now install the 22 LEDs. 
These must be fitted with their cathode 
leads (indicated by a flat edge on the 
LED bodies) oriented as shown. Start 
with the central LEDs, then work your 
way outwards, as this will make the job 
much easier. 

These LEDs should all be stood off 
the PCB by about 3mm and this can be 
achieved by pushing each LED down 
onto a 3mm-high spacer before solder- 
ing its leads. Note that some of the 
centrally-located LEDs will have to have 
their leads soldered on the top side of 
the PCB, since IC1 prevents access to 
their pads on the underside. 
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The cell holder is next on the list. 
This sits against IC1 and must be 
orientated as shown in Fig.2 and the 
photos. Push it down onto the PCB 
as far as it will go before soldering its 
positive and negative pins. The posi- 
tive pin is soldered from the underside 
of the PCB, while the negative pin is 
soldered from the top. 

The parts assembly can now be com- 
pleted by installing switch S1. This has 
to be left until last, otherwise it’s too 
difficult to solder the adjacent negative 
pin of the cell holder. 


In-circuit programming 

Note that Fig.2 indicates the exter- 
nal connections for Vdd, Vss, Vpp, 
Data and Clock. These allow a PIC 
programmer to be connected if you 
want to program the PIC yourself with 
software downloaded from the EPE 
website (ie, before the battery holder 
is installed). 

Alternatively, pre-programmed PICs 
for this project can be purchased from 
EPE and will also be supplied by kit 
suppliers. 


Fitting the legs 

The PCB assembly can now be com- 
pleted by fitting the legs and antennae. 
Six 25mm lengths of 1.25mm-diameter 
enamelled copper wire are used for the 
legs, while 15mm lengths of 1mm wire 
are used for the antennae. 

The first step is to straighten the 
1.25mm-diameter copper wire by 
clamping one end in a vice and then 
pulling on the other end with a pair of 
pliers to stretch it slightly. That done, 
cut the wire into 25mm lengths, strip 


Looking to advertise? 
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the enamel from both ends of each wire 
and solder them to the spare PC pads 
around the edge of the body. 

The free end of each leg can then be 
covered with a solder blob, to form the 
feet. Once that’s done, the two 15mm- 


long antenna can be fitted in similar ¢ 


fashion. The wires are then bent to 
shape using needle-nose pliers, as 
shown in the photos. 


Check out 

This is the easy part — simply insert a 
3V lithium cell into the holder (posi- 
tive side outwards) and check that the 
LED Ladybird works when switch S1 
is pressed. 

If it’s working correctly, the left eye 
LED will appear to quickly come up to 
full brightness when the cell voltage is 
around 3V. As the cell voltage drops 
though, this LED will initially ramp 
up to a lower brightness before then 
jumping to full brightness. 

Basically, this jump in brightness is 
small when the cell voltage is close to 
3V, but gradually increases to a 50% 
jump in brightness as the cell voltage 
drops to 2V. This provides some indi- 
cation of the cell’s condition. 

Once the LED’s brightness has been 
set (ie, by the micro monitoring the cell 
voltage and adjusting its PWM signal), 
the right eye LED will come on and 
then the flashing LED sequence for the 
wings will start. 


Single or repeat mode 

As stated previously, the LED Lady- 
bird is programmed to cycle through 
its LED flashing sequence just once, 
then automatically switch off. An 
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entire cycle takes about 1 minute and 
20 seconds (80s) but as mentioned, 
it can be stopped at any time by 
pressing S1. 

If you want the LED sequence to 
cycle continuously, switch off, then 
press switch S1 and hold it down for 
several seconds until the right eye LED 
blinks off briefly. When you do this, the 
left eye LED will flash continuously 
(to indicate continuous mode) until 
S1 is released. 

To go back to single-sequence mode, 
switch off, then press S1 and hold it 
down until the right eye flashes. 


Attaching the LED Ladybird 

The LED Ladybird can be easily at- 
tached to clothing with a strong rare 
earth magnet to ‘clamp’ the LED Lady- 
bird in position. 
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EPE PIC PROJECTS@ 


VOLUME 1 
CD-ROM 


A plethora of 20 ‘hand-PICked’ PIC 


Projects from selected past issues of EPE 


Together with the PIC programming 


software for each project plus bonus articles 


The projects are: 


PIC-Based Ultrasonic Tape Measure 
You've got it taped if you PIC this ultrasonic distance 
measuring calculator 


EPE Mind PiCkler 
Want seven ways to relax? Try our PIC-controlled mind machine! 


PIC MIDI Sustain Pedal 
Add sustain and glissando to your MIDI line-up with this 
inexpensive PIC-controlled effects unit 


PIC-based MIDI Handbells 
Ring out thy bells with merry tolling — plus a MIDI PIC-up, of 
course! 


EPE Mood PiCker 

Oh for a good night’s sleep! Insomniacs rejoice — your 
wakeful nights could soon be over with this mini-micro under 
the pillow! 


PIC Micro-Probe 
A hardware tool to help debug your PIC software 


PIC Video Cleaner 
Improving video viewing on poorly maintained TVs and VCRs 


PIC Graphics LCD Scope 
A PIC and graphics LCD signal monitor for your workshop 


PIC to Printer Interface ; 
How to use dot-matrix printers as data loggers with PIC 
microcontrollers 


PIC Polywhatsit 
A novel compendium of musical effects to delight the creative 
musician 


PIC Magick Musick 
Conjure music from thin air at the mere untouching gesture of 
Wilale(=laile) 


PIC Mini-Enigma 
Share encrypted messages with your friends — true 
spymaster entertainment 


PIC Virus Zapper 
Can disease be cured electronically? Investigate this 
controversial subject for yourself 


PIC Controlled Intruder Alarm 
A sophisticated multi-zone intruder detection system that 
offers a variety of monitoring facilities 


PIC Big-Digit Prepiay. 
Control the giant ex-British Rail platform clock 7-segment 
digits that are now available on the surplus market 

PIC Freezer Alarm 

How to prevent your food from defrosting unexpectedly 

PIC World Clock 

Graphically displays world map, calendar, clock and global 
time-zone data 

PICAXE Projects 

A 3-part series using PICAXE devices — PIC microcontrollers that 
do not need specialist knowledge or programming equipment 
PIC-based Tuning Fork and Metronome 

tial eveyone by at long last getting your instrument properly 
tuned! 

Versatile PIC Flasher 

An attractive display to enhance your Christmas decorations 
or your child’s ceiling 


BECOME A PIC PROJECT BUILDER WITH THE HELP OF EPE! 


ony - PIL 
| Seovects 


f vol 1 % 
! Vol2 
Vol 3 


NOTE: The PDF files on this CD-ROM are 

suitable to use on any PC with a CD-ROM 

drive. They require Adobe Acrobat Reader 
— included on the CD-ROM 
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113 Lynwood Drive, Merley, Wimborne, 
Dorset BH21 1UU. 
Tel: 01202 880299. Fax: 01202 843233. 
Email: orders@epemag.wimborne.co.uk 
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Don’t ruin an expensive 
SLA, Li-Ion, Li-Po or 
LiFePO, battery by over- 
discharging it. This small 
circuit will protect it by 
cutting off power before 


echargeable lithium-based bat- 
Re« are great — they have high 
capacity, long service life, high 
discharge current, are light weight and 
fast charging. 
But they’re easy to destroy if yourun 
them down below a particular voltage 


level and in a lot of applica- 
tions, all you have to do is leave 


we have quite a few emergency lights/ 
exit signs in our office. While we only 
have the occasional black-out, we still 
have to replace several back-up bat- 
teries a year which really should have 
lasted a lot longer except that they were 
discharged to the point of death. 


the device on a bit too long and 
your expensive battery is lost. 

Radio-controlled cars/ 
planes/helicopters generally 
have a low voltage cut-out fea- 
ture built in to the motor speed 
controller, but if you use these 
batteries in other applications, 
you definitely need this Battery 
LifeSaver. 

As mentioned above, it’s also 
suitable for use with most lead-ac- 
id batteries. As with most offices, 
factories and public buildings, 


Works with sealed lead-acid, Li-ion, Li-P 
batteries (6-24V) ny 
i t, <5 
¢ Very low quiescent curren 
 Cut-out voltage adjustable from 5.25 to 25.0V 


30A peak (charge or discharge) 
voltage 


(maximum 1.5A) 
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ifications 
tures and specifica 
hoe o and LiFePO4 


e High current-handling capability - 20A continuous, 
+ 0.3-2V hysteresis, depending on battery type and 


+ Very small PCB, to fit in tight spaces (34 x 48.5mm) 


» Battery can be recharged once cut-out has engaged 


it reaches the danger 
zone. It has virtually 
no effect on available 
power or battery life. 
It’s also ideal for 
preventing devices like 
uninterruptible power 
supplies and emergency 
lights from destroying 
their batteries in an 
extended blackout. 


by Nicholas Vinen 


Computer UPS (uninterruptible power 
supplies) often have the same problem, 
which can make having a black-out 
quite an expensive event. 

The Battery LifeSaver works with 
6-24V batteries and can handle cur- 
rents of up to 20A continuous and 
30A peak, making it suitable for use 
with cordless power tools, emergency 
lights, small to medium UPS (up to 
about 300VA) and a wide variety of 
other devices. 

With a quiescent current less than 
5A, it has negligible effect on battery 
life and as long as the cut-off voltage is 
set high enough, it won’t damage the 
battery even if left for quite a long time 
after it has activated (4.3uA continu- 
ous discharge equates to less 
than 38mAh per year). 

It’s very small —just 46 x 18.5 
x 5mm assembled and light too 
(about 5g) so it can be slipped 
into a tiny space in a battery 
compartment. It won’t cost a 
lot to build either, which is 
good, since if you have use 
for one, chances are you will 
have uses for several. We 

certainly do! 


Operation and charging 
As shown in Fig.1, the unit 
connects between the battery 
and load so that it can stop 
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the load drawing any further power 
once the battery voltage reaches its 
cut-off value. 

It is based on a MOSFET, shown 
here as a switch. When the MOSFET 
is off, the load cannot draw any further 
power from the battery. The MOSFET’s 
intrinsic diode is reverse-biased in this 
condition, so no current flows through 
it either. 

The battery can be recharged either 
by connecting the charger directly 
across the battery terminals (if they 
are accessible) or as shown in Fig.1, 
by connecting the charger across the 
load terminals, whether or not the 
load is still connected. Charge cur- 
rent flows in the opposite direction 
to discharge current, and this path is 
shown in green. 

In many cases, it will be necessary 
or simply convenient to charge via the 
load side of the device. In this case, 
the positive output of the charger is 
connected directly to the positive ter- 
minal of the battery, while the negative 
output is connected via the internal 
electronic switch and parallel diode. 

If the battery voltage is high enough 
then the switch is on and so charge 
current can flow through it and charg- 
ing proceeds as if the charger was 
connected across the battery. 

With the switch off, current can still 
flow from the charger to the battery 
but it must pass through the diode. 
There will be an associated voltage 
drop and power loss due to the diode 
junction, heating up the diode (inside 
the MOSFET). However, note that be- 
cause the battery voltage will appear 
to be near-zero at the load terminals, 
some chargers may refuse to deliver 
current in this situation. 


DISCHARGE CURRENT 


| CONTROL 


BATTERY | 
LIFESAVER 
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Believe it or not, this photo is actually larger than life size, just to show the detail 
on the tiny (46 x 18.5mm) module. Although it’s cheap to build, it could save you 
a fortune in ruined batteries! Once we attached the input and output leads, we 
encapsulated it in some transparent heatshrink tube. 


If the cut-out has activated, you 
should limit the charge current to 1.5A 
or else the diode could overheat. We 
tested charging under this condition 
using a Turnigy Accucell 6 charger and 
it worked fine as long as we turned the 
charge current down until the battery 
voltage had come back up a couple of 
volts. Once the switch is back on (as 
confirmed by a healthy voltage read- 
ing across the load terminals), you can 
proceed to charge at the full rate. 

If your charger is too ‘smart’ and 
refuses to supply current with the 
cut-out activated, it’s simply a matter 
of connecting some sort of current 
source (or current-limited voltage 
source) across the load terminals — a 
plugpack and low-value wire-wound 
resistor will generally do the trick. It 


CHARGING CURRENT 


Fig.1: block diagram for the Battery Lifesaver. The unit is connected between 
the battery and load and disconnects the two (at the negative end) if the 
battery voltage drops below a threshold. The battery can still be charged in 
this case, at a limited current, until the voltage rises enough for the cut-out 
to deactivate, at which point full charge current can resume. 
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usually doesn’t take long to raise the 
voltage ofa flat battery by a volt or two. 


Circuit description 

The full circuit is shown in Fig.2. We 
have published similar circuits in the 
past that used special-purpose ICs, but 
they can be hard to get, so this one is 
based on general-purpose parts: a low 
quiescent current low-dropout linear 
regulator (REG1), an ultra-low-power 
comparator (IC1) and a very low on- 
resistance MOSFET (Q1). 

REG1 has a dual purpose. It limits 
comparator IC1’s supply to 5V, which 
is desirable since IC1 has an absolute 
maximum rating of 7V. The regulated 
5V is also used as a reference for com- 
parison with the battery voltage. 

1C1 has rail-to-rail inputs and this 
means that we can tie its inverting 
input (pin 2) directly to 5V. In fact, its 
common-mode input range extends 
0.2V beyond both supply rails. Pin 3, 
the non-inverting input, is connected 
to a resistive voltage divider that is 
connected across the battery. 

The upper leg of this divider con- 
sists of a fixed upper resistor (RU) and 
a trimpot (VR1) while the bottom leg 
is a single resistor (RL). RU and RL are 
chosen so that VR1 can be adjusted 
to give 5V on pin 3 of IC1 when the 
battery voltage is at its lower operat- 
ing limit. 

With the battery voltage above this 
limit, the voltage at pin 3 of IC1 is 
above that of pin 2 and so the compara- 
tor output (pin 6) is high, switching 
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REG1 
Ae) “j 703T- 50021 - 
+5V 
GND 


7D1 DZ, D2 
(SEE TEXT) BATSAC 


BATTERY LIFESAVER 


BAT54C 


O 
TO BUZZER (L+) 
(OPTIONAL) 


IC1: MCP6541 


PSMN1R2-30YL 
MCP1703T MCP6541 La 


Fig.2: circuit diagram for the Battery LifeSaver. It’s based on a low-dropout 5V regulator (REG1), very low power 
comparator (IC1) and MOSFET Q1, which acts as the switch. Values for resistors RU, RH and RL are chosen to suit a 
particular battery cut-out voltage threshold; VR1 provides fine adjustment of this voltage. ZD1 is selected to keep the 
supply voltage to REG1 within its ratings. 


on MOSFET Q1 via a 10Q resistor. 
This connects the load to the battery. 
When on, Q1 not only has a very low 
on-resistance (about 1.3mQ) but is 
fully on with its gate just 4.5V above 
its source. 

Ifthe battery voltage drops too much, 
the voltage at pin 3 of IC1 goes below 
that at pin 2, the comparator output 
goes low and MOSFET Q1 turns off. 
The only remaining load on the bat- 
tery is the circuit itself, drawing about 
3.2-4.5pA. 

Resistor RH, connected between the 
output and non- 
inverting input of 
IC1, gives a small 
amount of positive 
feedback, which 
provides 1-2V of 
hysteresis for the 
circuit. Its value is 
selected so that this 
hysteresis is about 
8% of the battery 
voltage. Without 
this, as soon as the 
load is switched 
off, the battery 
voltage would re- 
bound and this will 
cause the load to 
be switched back 
on and the circuit 
would oscillate. 


Say the low When we say tiny, we mean it: here is the LifeSaver sitting on top of a 12V, 


threshold is set to 19.8V (for a 24V 
Li-Po battery). Once the output of 
IC1 goes high, the switch-on voltage 
rises to about 21.4V. The battery is 
unlikely to rebound this much — at 
least, not right away — so the MOS- 
FET will remain off until the battery 
is re-charged. This hysteresis should 
be sufficient for most batteries, but 
if necessary, it can be increased by 
lowering the value of RH. 

The 10nF capacitor across RL filters 
out noise which may be picked up due 
to the high impedance of the divider 


voltage cut-out 7Ah SLA battery - it’s not even as high as the spade lugs! 
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network and smooths battery voltage 
ripple. It also slows the action of this 
hysteresis considerably, but IC1 has 
a small amount of built-in hysteresis 
(about 3.3mV worth) which helps 
compensate for this. 

REG1 has 1uF ceramic input by- 
pass and output filter capacitors for 
stability, the minimum suggested val- 
ue for this part. Dual Schottky diode 
D1/D2 protects the circuit against 
reverse battery polarity, although it 
won't stop current flowing through 
Q1’s body diode and the load, if con- 
nected. . 

Zener diode ZD1 
reduces the battery 
voltage for REG1 and 
its voltage is selected to 
suit the type of battery 
used. REG1’s absolute 
maximum input is 16V. 
For batteries well below 
16V, ZD1 is replaced 
witha link (see Table 1). 

During operation, 
REG1 consumes about 
2uA, while IC1 draws 
just 600nA. The rest of 
the quiescent current 
flows through the resis- 
tive divider, hence the 
resistors used have as 
high a value as is prac- 
tical to minimise this 
current. This is why we 
have used acombination 
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of resistors and a trimpot to set the cut- 
off voltage; the highest value of trimpot 
commonly available is 1MQ. 


Optional buzzer/LED 

The PCB has a pair of pads so that a 
piezo buzzer or LED can be connected 
to indicate when the battery voltage 
drops below the cut-off threshold. 
However, fitting this may be not a 
good idea if you are concerned about 
the extra current drain on a battery 
which has been drained to the cut- 
off voltage. 

A buzzer/LED could run the battery 
flat in a matter of hours, so you will 
need to immediately recharge it once 
it sounds/lights up. 

If you do want to fit a buzzer or LED, 
it will be driven at 5V by the output 
of comparator IC1, which can sink a 
maximum of 30mA. LEDs will require 
a series current-limiting resistor. 


Component selection 

Since the battery voltage divider is 
formed from a combination of fixed 
resistors and trimpot VR1, we must 
change the values of these resistors 
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so that the adjustment range of VR1 
includes the desired cut-off voltage 
for your battery. 

High value input dividers for 
comparators pose a problem in that 
the hysteresis resistor typically must 
be a much higher value, so we are 
limited by the highest value readily 
available. Luckily, it’s quite easy to 
get resistors up to about 22MQ in 
SMD packages, which is higher than 
the typical maximum of 10MQ for 
through-hole parts. 

To determine which parts you need, 
first locate your battery or its closest 
equivalent in Table 1 and read off the 
value for ZD1. Next, decide which 
cut-off voltage you want to use; in 
very high current drain applications 
(10A+), especially when using a rela- 
tively small battery, you may want to 
set it a bit lower than specified. 

Once you have determined the cut- 
off voltage to use, find an entry in Table 
2, which has a range covering it, and 
then read off the values for resistors 
RL, RU and RH. These are chosen to 
give a hysteresis of about 8% of the 
battery voltage, thus the hysteresis is 


Parts List —- Battery LifeSaver 


1 double-sided PCB, available from the EPE PCB Service coded 11108131, 


34 x 18.5mm 


1 50mm length 25mm-diameter heatshrink tubing 

1 length heavy-duty black wire (to suit installation) 

1 length heavy-duty red wire (to suit installation) 

2 female 6.4mm spade quick connectors (optional; for use with gel cell 


batteries) 


2 male 6.4mm spade quick connectors (optional; for use with gel cell 


batteries) 
Semiconductors 


1 MCP6541-E/SN ultra-low-power comparator (IC1) (RS Components 669-6200) 
1 MCP1703-5002-E/CB micropower LDO 5V regulator (REG1) (element14 


1439519) 


1 PSMN1R2-30YL 30V 100A MOSFET (Q1) [SOT-669/LFPAK] (element14 


1895403) 


1 BAT54C dual Schottky diode (D1) [SOT-23] (element14 1467518) 
1 0.4W or 1W Zener diode (see Table 1 for voltage) (ZD1) 


Capacitors (all SMD 3216/1206) 
2 1uF 50V (element14 1857302) 


1 10nF 50V (element14 8820155 or similar) 


Resistors (SMD 3216/1206) 
1 10Q 


plus three resistors, 330kKQ-22MQ, as per Table 2 


1 1MQ 25-turn vertical trimpot (VR1) 


Visit Jaycar Electronics UK (www.jaycar.co.uk) for a Battery LifeSaver kit: 
Cat No KC-5523 @ £11.00 
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ST Micro’s LFPAK 
series SMD MOSFETs 


MOSFET Q1 is an ST Micro part with 
an incredibly low on-resistance— barely 
more than amilliohm. Itis rated to carry 
100A but it will dissipate around 1W 
at 30A (I? x R) so without heatsinking 
(other than the PCB), it won’t handle 
much more than that. 

Its on-resistance is so low that 
losses in the MOSFET itself are a 
minor component of the dissipation, 
most of it being in the PCB and wir- 
ing. This is only really possible with 
SMDs since a TO-220 through-hole 
package has 1mQ of resistance in 
the package/leads alone. 

By comparison, the LFPAK pack- 
age (also known as SOT-669) has a 
resistance of just 0.2mQ. The semi- 
conductor die is sandwiched between 
the metal drain pad on the bottom of 
the device (which also acts as a heat 
spreader) and a metal plate on top, 
which also forms the three source 
leads (pins 1-3). This gives avery large 
contact area between the device leads 
and the MOSFET itself, hence the low 
resistance possible. 

The LFPAK has roughly the same 
footprint as an 8-pin Small Outline 
Integrated Circuit (SOIC-8), a com- 
mon SMD IC package. There is a 
lot of equipment already designed 
to handle SOIC parts — pick and 
place machines, storage schemes, 
etc — and these can generally work 
with LFPAK MOSFETs with little or no 
modification. 

At a pinch, SOIC-8 MOSFETs can 
be substituted for LFPAK devices and 
can be soldered to the PCB without 
needing to modify it. However, losses 
will be higher in this case. MOSFETs 
in LFPAK use the same pin configura- 
tion as typical N-channel MOSFETs in 
SOIC packages. For more information, 
see: www.nxp.com/documents/leaf- 
let/75016838.pdf 
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Table 1: battery types, voltages and values for ZD1 


Battery type Nominal 


Lead-acid 6V 

Lead-acid 12V 

Lead-acid 24V 

LiFe 2S 6.6V 
Li-ion 2S 7.2V 
Li-po 2S 7.4V 
LiFe 3S 9.9V 
Li-ion 3S 10.8V 
Li-po 3S 11.1V 
LiFe 4S 13.2V 
Li-ion 4S 14.4V 
Li-po 4S 14.8V 
LiFe 5S 16.5V 
Li-ion 5S 18.0V 
Li-po 5S 18.5V 
LiFe 6S 19.8V 
Li-ion 6S 21.6V 
Li-po 6S 22.2V 


Note: 2S/3S/4S/5S/6S refers to the number of cells in series 


roughly proportional to the number 
of cells for a given battery chemistry. 

As mentioned earlier, you can adjust 
the value for RH if necessary — lower 
values give more hysteresis and higher 
values less. This will not affect the 
cut-off voltage, although hysteresis 
does vary slightly as VR1 is adjusted. 


Construction 

The Battery LifeSaver is built on 
a PCB which is available from the 
EPE PCB Service, coded 11108131, 
measuring 34 x 18.5mm. Referring to 
the overlay diagram (Fig.3), start by 
soldering MOSFET Q1. It has a large 
pad on the underside which must be 
in intimate contact with the large pad 
on the PCB to ensure both low resist- 
ance (so it can handle high currents) 
and a good thermal bond for proper 
heat dissipation. 

To achieve this, first spread a moder- 
ately thin layer of solder paste evenly 
over the pad and a good dollop of it 
on the smaller pin 4 pad, at lower left. 
Position Q1 over its pads and press it 
down, then apply heat to the small pin 
4 pad so as to melt the solder paste 
until Q1 is held in place. You may find 
you have to add some solder wire to 
get a solid joint. 
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Fully charged 


7.2V/7.35V* 


14.4V/14.7V* 


28.8V/29.4V* 


12.3-12.6V 


16.4-16.8V 


20.5-21.0V 


24.6-25.2V 


Cut-out 
(best life) 


5.75V 
11.5V 
23.0V 
6.2V 
6.6V 
7.2V 
9.3V 
9.9V 
10.8V 
12.4V 
13.2V 
14.4V 
15.5V 
16.5V 
18.0V 
18.6V 
19.8V 
21.6V 


7.2V 
8.2-8.4V 

8.4V 

10.8V 


12.6V 
14.4V 


16.8V 
18.0V 


21.0V 
21.6V 


25.2V 


Check that Q1 can’t move, then 
examine its alignment. In particular, 
ensure that the other three pins are 
correctly positioned over their pads 
and the tab is not totally covering the 
pad to which it is to be soldered; there 
should be a thin sliver of pad visible 
— although this may be obscured by 
solder paste. 

To adjust the alignment, re-heat the 
solder on pin 4. 

Once you are happy with its posi- 
tion, melt the solder paste along the 
edge of the large tab by running the tip 
of the iron along up and down along 


TO LOAD 
- + 
BATTERY BATTERY 
L 
1 — 1pF RU zD1VR1 
RLED iS : T 
= = = = 
(BUZZER) : | = 
AG) nF Ri D1/2_ 11108131 


Fig.3: follow this PCB overlay diagram to 
build the unit. Most parts are SMDs and 
all mount on the top side of the board. 
VR1 can be laid over to keep the whole 
thing relatively thin, so it can be squeezed 
next to a battery. Heavy-duty wires to 
the battery and load solder directly to 
the large pads at top. Use of the pads 
at lower-left is optional, for connecting 
a piezo buzzer for a low-voltage alarm. 


(Safe) 


5.5V 
11.0V 
22.0V 
6.0V 
6.0V 
6.6V 
9.0V 
9.0V 
9.9V 
12.0V 
12.0V 
13.2V 
15.0V 
15.0V 
16.5V 
18.0V 
18.0V 
19.8V 
* gel cell or AGM type lead-acid battery 


(Minimum) 


5.25V 
10.5V 
21.0V 
5.6V 
5.4V 
6.0V 
8.4V 
8.1V 
9.0V 
11.2V 
10.8V 
12.0V 
14.0V 
13.5V 
15.0V 
16.8V 
16.2V 
18.0V 


the exposed section. It may help to add 
a bit more solder. 

You will need to keep the tab heated 
for several more seconds so that the 
paste underneath all melts and fills the 
gaps, forming a solid junction. 

Note that this will require a fairly 
hot iron as there is a large area of cop- 
per connected to this pad. Note also 
that you will need to put the PCB on 
a heat-resistance surface as the under- 
side will get very hot indeed. 

To avoid overheating the MOSFET 
itself, stop after about ten seconds. You 
may need to let it partially cool down 
and then apply heat for another ten 
seconds or so, to ensure all the solder 
paste has melted. 

When this happens, the volume of 
flux smoke produced should drop right 
off. You can then solder the remaining 
pins one at a time and clean up any 
bridges between them using solder 
wick. If necessary, clean up using 
isopropyl alcohol. 

IC1 is a snack by comparison; it is 
the same size and has the same pin 
spacing, but there is no big pad un- 
derneath, so you simply pin it down 
by one lead, check the alignment and 
then solder the remaining pins once 
it is correctly oriented. 
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For the rest of the SMD compo- 
nents, apply some solder to one of 
the pads, heat it, slide the part in 
place using angled tweezers, remove 
the heat and check the alignment. If 
it’s OK, make the remaining solder 
joint(s) and then refresh the first one 
with a dab of extra solder. 

Don’t get REG1 and D1 mixed up 
because they look very similar; the 
resistors will be labelled with their 
value (although you may need a mag- 
nifying glass to read it) but the capaci- 
tors won’t be. 

If you do get confused, you should 
be able to tell which is the 10nF as 
it will be thinner than the other two. 

With the SMD components in place, 
fit ZD1 with the orientation shown and 
then VR1, with its adjustment screw 
towards the bottom of the board. You 
can bend its leads over before soldering, 
as we have, to keep the overall assembly 
thin so that it will fit into tight spaces. 

Note that if you are going to use the 
unit with a sealed lead-acid battery 
(‘gel cell’), these are often fitted with 
spade lugs. 

So you could solder wires to the 
PCB and crimp female spade lugs 
onto those connected to the B+/B— 
terminals and male spade lugs to those 
connected to the L+/L—terminals. That 
would then allow you to easily connect 
the device in-line between the battery 
and device without any additional 
soldering. 
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Testing and adjustment 

The easiest way to set up the Battery 
LifeSaver is using a variable voltage 
power supply (eg, a bench supply) but 
if you don’t have one, you can instead 
connect a fully charged battery (or 
power supply with a similar voltage) 
across a 1-10kQ potentiometer. 

The pot wiper connects to the B+ 
terminal on the PCB, while the nega- 
tive terminal of the power supply goes 
to B-. 

We used small hook probes to make 
the connection to these terminals, to 
avoid having to solder them initially 
(see photo) but if you do solder wires 
on, it’s probably a good idea to keep 
them long and use thick, heavy-duty 
wire so that you can also use them for 
the final wiring. 

Adjust the bench supply or pot to 
give the board close to the nominal 
battery voltage (measured across B+ 
and B-), then measure the current flow 
by connecting a multimeter, set tomA 
or WA, in series with one of the board’s 
supply leads. 

You should get a reading of around 
5uA. If it’s more than 10uA or less 
than 2A then something is wrong and 
you will need to carefully check the 
assembly (note that not all multime- 
ters can read such low currents with 
precision). 

Set the DMM to volts mode and 
measure between the + terminal of 
CON5 (upper) and the B- battery 


Table 2: resistor values for different cut-out voltage ranges 


Cut-out range 
5.2-5.6V 
5.6-5.9V 
5.8-6.4V 
6.4-7.4V 
7.4-8.7V 
8.4-9.7V 
9.6-11.0V 
11.0-12.3V 
12.2-13.6V 
13.6-15.1V 
15.5-17.1V 
16.2-17.9V 
17.7-19.3V 
19.3-21.1V 
20.6-22.6V 
22.2-24.2V 
23.7-25.8V 


Hysteresis 
~0.3V 
~0.4V 
~0.5V 
~0.5V 
~0.6V 
~0.6V 
~0.8V 
~1.0V 
~1.1V 
~1.2V 
~1.4V 
~1.6V 
~1.6V 
~1.6V 
~1.6V 
~1.8V 
~2.0V 


RL (1%) 
10MQ 
10MQ 
6.8MQ 
3.9MQ 
3.3MQ 
3.3MQ 
3.3MQ 
3.3MQ 
3.3MQ 
3.0MQ 
2.7MQ 
3.0MQ 
2.7MQ 
2.4MQ 
2.2MQ 
2.2MQ 
2.2MQ 


RU (1%) RH Iq* 

330kQ 10MQ 3.2uA 
1.0MQ 15MQ 3.2uA 
1.0MQ 15MQ 3.7UA 
1.0MQ 15MQ 4.4uA 
1.5MQ 15MQ 3.5uA 
2.2MQ 22MQ 3.8uA 
3.0MQ 22MQ 4.4uA 
3.9MQ 22MQ 4.3uA 
4.7MQ 22MQ 4.3uA 
5.1MQ 22MQ 4.6uA 
5.6MQ 22MQ 4.7uA 
6.8MQ 22MQ 4.6uA 
6.8MQ 22MQ 4.5uA 
6.8MQ 22MQ. 4.6uA 
6.8MQ 22MQ 4.9uA 
7.5MQ 22MQ 4.9uA 
8.2MQ 22MQ 4.9uA 


* Approximate quiescent current at cut-off voltage 
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terminal. Assuming your DMM is 
accurately calibrated, you should get 
a reading in the range of 4.95-5.05V. 

Now adjust VR1 fully anti-clockwise 
(until it clicks) and measure the resist- 
ance between the L—and B- terminals. 
The reading should be close to 0, 
meaning Q1 is on. If not, check the 
supply voltage and try turning it up 
slightly, but don’t exceed the full- 
charge voltage of your battery. 

Assuming Q1 is on, reduce the sup- 
ply voltage to the PCB until it is at 
your desired battery cut-off voltage, as 
measuring between B+ and B-. 

Confirm that Q1 is still switched 
on, then slowly turn VR1 clockwise 
until Q1 switches off and the resist- 
ance reading increases dramatically. It 
should be above 10MQ and may give 
a reading of ‘oL’ (ie, effectively open 
circuit) on your DMM. 

To check this, we simply clipped the 
test leads connected to L- and B- onto 
our DMM probe tips and used clip 
leads to connect the power supply to 
B+ and B-. This allowed us to vary the 
voltage while watching the MOSFET’s 
resistance. 

You can confirm that the board is 
working properly by turning the sup- 
ply voltage up by the hysteresis volt- 
age (a couple of volts should do); Q1 
should then turn back on again. 


Installation 

Once you have soldered the leads to 
the PCB, it’s a good idea to sleeve the 
whole thing with 25mm diameter heat- 
shrink tubing so that once it’s inside 
the battery compartment, or secured to 
the outside of a battery, it can’t short 
against battery terminals or any other 
exposed metal. 

Wire it up according to Fig.3. There 
are two different ways to connect 
the load’s positive terminal. Ideally, 
it should go straight to the battery’s 
positive terminal, but since that 
will already be wired to the Battery 
LifeSaver board, it may be easier to 
connect it to the L+ terminal on the 
PCB instead. 

This means the full-load current has 
to pass through the PCB twice, which 
will slightly increase losses but should 
not cause any problems within the 
ratings we have provided. 


Reproduced by arrangement 
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By JOE GUAR 


Do marketing companies conspire to call you right on dinner time? It 
certainly seems so! Or perhaps you want the phone to be out of action 
for an hour or so, while you take an afternoon nap? This little timer will 
solve both those problems and it will ‘remember’ to put the phone back 
in action because we know how easy it is to forget! 


ou know how it goes — you sit 

\ down to dinner and you are 

savouring your first mouth- 

ful... and then the &(*%$ “ phone 
rings. 

It might be some nincompoop from 

a marketing company selling you 
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something that you cannot possibly 
do without, or a call centre from who 
knows where! Or it could even be one 
of your closest friends or relatives. 
Whoever it is, it doesn’t matter — you 
don’t want to talk — you just want to 
enjoy your meal. 


Of course, you could simply take 
the phone handset out of the cra- 
dle (‘off-hook’ in 1950s telephone 
speak) and that effectively silences 
it... but then you realise a few days 
later that the phone has been awfully 
quiet. Doh! 
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And yes, many 
cordless phones 
have a ‘do not dis- 
turb’ button, but the 
same problem ap- 
plies; you forget to 
switch it back to 
normal operation. 

Worse still, if you 
do want to have a 
nap, pushing the ‘do 
not disturb’ button 
does not usually silence the phone 
completely; it will ring several times 
before it goes to message mode — which 
can be pretty frustrating if you are just 
drifting off to the land of Nod. 

That’s where our new ‘DO NOT 
DISTURB!’ Phone Timer is such a 
good solution. 

It connects in parallel with your 
phone, or one of your phone extensions 
if you have more than one (or with your 
cordless phone base station, if you don’t 
have conventional phones). 

Then, if you want to disable the 
phone you just press the Set/Start but- 
ton a few times to set the time period 
you want and the phone will be muted. 
Callers will get the engaged signal —so 
they won't have to pay for a call. 

You get peace and quiet for a preset 
15, 30, 60, 90 or 120 minutes. 

After the preset time has passed, the 
Timer will reconnect the phone. 

If you finish your meal or nap or 


Features 


End button 


TO 
TELEPHONE 


CONT (RJ12) 
TO TELEPHONE 
LINE 


CON2 (RJ12) 


Constructional 


Five convenient time settings from 15 to 120 minutes 
Time set indication 

Time remaining indication 
Automatically returns phone to ‘ready’ (on hook) after time-out 
Easy push-button timer setting 


whatever earlier than you anticipated, 
(or maybe son/daughter/spouse/etc 
says they’re expecting an absolutely 
vital call!) just press the End button 
to restore phone operation. Simple. 


LEDs show the time 

Three LEDs display the set time. With 
one LED on, they indicate 15, 60 or 
120 minutes. Intermediate set times 
are indicated with two LEDs on, ie, 
30 or 90 minutes. 

When you push the Set/Start button 
the LEDs will show the previous set 
timer period. Further button pushes 
will cycle though the available times: 
90, 120, 15, 30 and so on. Just pick the 
one you want. 

Timer operation starts as soon as the 
period is selected. After five seconds, 
the LED (or LEDs) will flash at a one- 
second rate and they also indicate the 
next highest time-out period remain- 
ing. All LEDs extinguish at the end 


of the time-out pe- 
riod when normal 
phone operation is 
restored. 

What happens 
if you lift a phone 
handset off the cra- 
dle while the unit 
is timing? That’s 
a bit uncertain — it 
depends on your 
particular phone 
and how it reduces the DC voltage 
across the phone lines from a nominal 
50V DC to around 6V or thereabouts. 
Either way, neither the phone nor the 
timer can be damaged. 

The DO NOT DISTURB! Phone 
Timer is housed in a small plastic box 
with the telephone line plugged into 
one RJ12 socket and the telephone 
into the second RJ12 socket, so you’ll 
need a short phone ‘extension’ cable . 

Both the RJ12 sockets are located 
at one end of the box. On the top of 
the box are the two pushbuttons (Set/ 
Start and End) and the timer indica- 
tion LEDs. No batteries are required 
because the circuit is powered from 
the phone line. 


Is it legal? 

Strictly speaking, you aren’t allowed 
to connect any non-approved device 
to the phone line, in case it causes 
damage to the line/exchange and/or 


bE @2 
BF470 


D5 1N4004 


MCLR 


ICI GP: 
PIC12F675 
-I/P 


“DO NOT DISTURB” PHONE TIMER 


Fig.1: the circuit is simply connected in parallel with two phone 


1N4004 


5 120 
(MINUTES) 


LED2 LED! 


BF469, BF470 


sockets, one of which goes to the phone line and the other to the 


phone. When activated, it fools the system into believing that the 
line is engaged — hence the phone won’t ring. 
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The completed project 
immediately before 
mounting it in its case. The 
cable to the phone line and the 
cable to the phone can plug into 
either of the RJ12 sockets — it doesn’t 
matter which way round. 


endangers those working on the tel- 
ephone system. 

However, this device is powered by 
the phone line itself, so no dangerous 
voltages can possibly get back into 
the system. 


Circuit details 

Fig.1 shows the circuit, which com- 
prises an 8-pin microcontroller, a cou- 
ple of high voltage transistors, three 
LEDs, some diodes and capacitors. The 
microcontroller provides the timing, 
switches the high voltage transistors 
and drives the LEDs. 

There are two RJ12 connectors, 
CON1 and CON2, which provide 
connection to the incoming phone 
line and to one of the phones in the 
dwelling. These connectors are wired 
in parallel, so there is no break in the 
telephone line connection. 


Reproduced by arrangement 
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When the phone is not in use, (ie, 
‘on-hook’) there is about 50V DC pre- 
sent across the line. The bridge recti- 
fier, consisting of diodes D1-D4, feeds 
that 50V DC to the rest of the circuit 
and ensures correct polarity. 

The microcontroller, IC1, is powered 
from 5.6V DC, derived from a 100kQ 
resistor, Zener diode ZD1 and 100pF 
capacitor. Thus, the 50V from the tel- 
ephone line provides about 400pA to 
ZD1, while IC1 draws about 100pA. 

This current is low because IC1 is 
initially set in sleep mode where it is 
stopped from running, with its internal 
oscillator off. IC1 also has a brownout 
detector incorporated so that the slow 
start up voltage applied through the 
100kQ resistor and 100pF supply ca- 
pacitor allows the IC to reset correctly. 

Current draw is higher when the 
timer function is started with Set/ 


Start switch S1. This current can be 
up to 10mA and the 100kQ resistor 
across the telephone supply will not 
provide this. 

We derive the extra supply current 
in another way. When the set switch is 
pressed, the GP1 output of IC1 goes high 
(to 5.6V) and this switches on transis- 
tor Q1 via its 33kQ base resistor. Q1 in 
turn switches on transistor Q2 and this 
connects two series-connected 180Q 
resistors across the telephone supply. 
The load drops the telephone line to 
around 6V and it becomes ‘off-hook’. 

With transistor Q2 on, supply for IC1 
is fed from the 6V telephone supply 
via a 10Q resistor and diode D5. This 
provides the required extra current. 

Q1 and Q2 are high voltage transis- 
tors, specified to cope with the high 
AC ofaround 140V peak-to-peak when 
the telephone rings. 

Note, if the handset (receiver) is 
lifted offthe telephone, the DND Timer 
might reset. That’s because of the extra 
load on the telephone line. If you still 
want the DND Timer to work, you 
should hang up the phone and push 
the Set/Start button, which will restart 
the timing cycle. 

LED1 to LED3 are driven by their 
respective micro outputs at GP5, GP4 
and GP2, each via 1.5kQ resistors. 

Normally, the GPO input is pulled to 
the 5.6V supply via an internal pull-up 
resistor. This input drops to OV when 
the set switch is pressed, waking up 
IC1 and starting the internal program 
running. IC1 goes back to sleep at 
the end of the time-out period. Both 
Q1 and Q2 are then switched off and 
normal phone operation is resumed. 

IC1 can also be reset by pressing 
switch S2. This pulls the MCLR (Master 
Clear) low to reset the IC. Once released, 
the 10kQ resistor to Vpp pulls the MCLR 
high and the IC goes back to sleep with 
the internal oscillator stopped. 
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Construction 

The DND Timer is constructed using 
a PCB which is available from the 
EPE PCB Service, coded 12104131, 
measuring 79 x 46mm. It is housed in 
a small plastic box 83 x 54 x 31mm, 
used ‘upside down’ — ie, the normal 
lid becomes the base and the four rub- 
ber ‘pips’ which hide the case screws 
act as feet. 

We used a translucent blue box (be- 
cause it looks cool!) but black or grey 
boxes of the same size are also suitable. 
A label measuring 48 x 78mm affixes 
to the lid of the box. If you use the blue 
box this label can go inside the lid and 
is thus protected against damage. 

At one end of the box are located 
the two RJ12 PCB mount sockets. Fig.3 
shows the details. 

Before installing the parts, check the 
PCB for any faults. If you are using a 
board supplied from EPE or building 
from a kit, you will find that these 
PCBs are of excellent quality and rarely 
have any faults. If you do happen to 
find a fault (open track, hole not drilled 
etc) repair it before assembly. 

Follow Fig.2 when installing the 
components. Install the resistors, 
diodes and the Zener diode first. The 
resistors are colour coded and the 
table shows the colour bands for each 
resistor used. 

A digital multimeter should also be 
used to check the values of resistance 
because it’s easy to mistake red for 
orange or brown, especially on tiny 
resistors. 

Make sure the diodes and Zener 
diode are installed with the correct 
polarity — the striped end must be ori- 
ented as shown in the overlay diagram. 

We use two types of IC sockets. One 
is the DIP8 socket for IC1, which must 
be oriented with the notched end as 


The case is used upside down, with the 
lid as the base. Here the PCB is shown 
fitted into the case. 
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shown on the overlay diagram. Do not 
insert the IC into the socket yet. 

The other sockets are DIP6 types 
used to raise switches S1 and S2 suf- 
ficiently above the PCB to protrude 
through the box lid. These sockets 
will need to be cut (using wire cutters) 
into two separate 3-way single in-line 
sockets and with the centre two socket 
pins removed before installing on the 
PCB. The switches must be inserted 
into these sockets positioned with the 
‘flat’ on the switch oriented as shown 
on the overlay diagram. 

Capacitors can be installed next. 
The electrolytics are polarised — in- 
stall them with the polarity shown. 
Likewise, transistors Q1 and Q2 must 
be mounted in the right positions and 
they must be oriented correctly — their 
metal sides face away from the PCB 
edge. Solder these in so that the top 
of the transistor body is 15mm above 
the top of the PCB. 

LEDs need to poke through the top 
panel, so are mounted with the top of 
each lens 17mm above the PCB sur- 
face. Make sure the LEDs are oriented 
correctly with the anode (longer lead) 
positioned in the pad marked ‘A’. 

We used blue LEDs, but you can 
use aqua, red, green, yellow, orange 
or white; whatever is your favourite. 
(You don’t even need to use the same 
colours, but you might end up with 
different brightness LEDs). 


Testing 
To test the DO NOT DISTURB! Phone 
Timer, first make sure that IC1 is still 
out of its socket and then plug the 
telephone line into one of the RJ12 
sockets (you don’t need the phone 
itself plugged in yet). 

Measure the voltage across Zener 
diode ZD1. This should be around 5 to 


OF SIL SOCKET 
STRIP (SEE TEXT) 


Parts List - DO NOT 
DISTURB! Timer 


1 PCB available from the EPE PCB 
Service code 12104131, 79 x 
46mm 

1 panel label 48 x 78mm 

2 UB5 plastic box, 83 x 54 x 31mm 

2 RJ12 PCB mount sockets 
(CON1,CON2) 

2 SPST PCB mount snap action 
round white switches (S1,S2) 

1 DIL8 IC socket 

2 DIL6 standard wiper contact IC 
sockets 

2 10mm M8 tapped spacers 
(or use 9mm spacers with 
washers to make up the extra 
1mm) 

2 M3 xX 6mm screws 

1 300mm RJ12 6P/4C extension 
cable 

Semiconductors 

1 PIC12F675-I/P microcontroller 
programmed with 1210413A 
(IC1) 

1 BF469/MJE340 NPN transistor 
(Q1) 

1 BF470/MJE350 PNP transistor (Q2) 

3 3mm high brightness LEDs 
(LED1-LED3) 

5 1N4004 400V diodes (D1-D5) 

1 5.6V 1W Zener (1N4734) (ZD1) 


Capacitors 
1 100uUF 16V PC electrolytic 
1 100nF MKT polyester 


Resistors (0.25W 1%) 
1100kQ 133kQ 210kOQ 1 3.3kQ 
31.5kQ 2180Q 1100 


Cable 
Note: you will need an RJ12 to ‘BT’ 
cable, available on eBay.co.uk 


UPSIDE-DOWN 
UB-5 PLASTIC 
JIFFY BOX 


; _ a 
10mm LONG M3_—> 9 
TAPPED SPACER Lh 


Fig.3: this diagram shows howit all goes together. The two switches are not soldered 
to the board, but mounted inside some cut-down DIL sockets. This gives them some 
‘play’, making the board easier to fit in the case. 
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Where did these expressions come from? 


We've talked about things 
like ‘off hook’ and ‘on hook’ 
in this article. You may also 
have heard expressions 
such as ‘transmitter’ and 
‘receiver’ when phones 
are being described. But 
where did these expres- 
sions come from? 
We thought we’d digress 
from our story with a little 
bit of telephone nostalgia! 
Too long ago for most of 
us — but well within living 
memory for many — phones 
were rather different from 
what we have today. At right 
is a photo of an early wall 
phone, used on a manual 
telephone exchange (probably in the 
country) and this gives a good idea of 
where many of the terms came from. 
There is a ‘receiver’ (or earpiece) 
hanging on a spring-loaded hook on 
the left side. It’s ‘on hook’, it’s ready 
to receive a call. Take the receiver off 
the hook to answer a call and, surprise 
surprise, it’s ‘off hook’. When the re- 
ceiver is removed, the hook moves up 
and closes contacts inside the phone. 
In the middle of the phone is the 
‘transmitter’ (you may think of it as 
the mouthpiece) while just visible on 
right side is a handle which you turned 
vigorously to attact the attention of the 
telephonist, or switchboard operator. 
This handle was attached to a genera- 
tor inside the phone which produced 
the voltage necessary to ring a bell at 
the exchange. 


5.6V. Now unplug the telephone line 
and insert IC1 making sure the orienta- 
tion is correct. Reattach the telephone 
line and the DO NOT DISTURB Timer 
should operate when pressing the Set/ 


Such gen- 
erators were in 
big demand by 
schoolboys of 
the day because 
you could gener- 
ate enough volt- 
age to give your 
mates a decent 
(though harm- 
less) ‘belt!’ 

In fact it was 
fun to arrange a 
ring of kids, all 
holding hands, 
with the genera- 
tor connected to 

} the last two in 
the ring so that 
all got the ‘experience!’ 

Low voltage DC was provided by 
a couple of quite large 1.5V batteries 
(hence the size of the box in the pic 
above) - also prized by kids of the 
day and the cause of more than one 
public phone being out of action until 
they were replaced. 

One final bit of trivia: city visitors 
(used to automatic exchanges) to 
homes in country towns with manual 
exchanges almost invariably picked 
up the handset, or receiver, before 
turning the generator handle. Of 
course, the phone recognised this as 
being ‘offhook’ and effectively shorted 
out the generator — so the exchange 
never answered. They couldn’t un- 
derstand why their country cousins 
always managed to make a call while 
they couldn't! 


Start button by showing the timer LED 
or LEDs. 

You should be able to select the 
required time-out period by pressing 
the switch until the required setting 
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Here’s aclose-up of the way we mounted 
S1 and S2 in cut-down DIL sockets to 
allow easier assembly 


is displayed. Then the time-out LED 
or LEDs should flash after about five 
seconds from when S1 is released. 

If the LEDs do not light, check the 
orientation of IC1. Also check that Q1 
and Q2 have been inserted in the right 
places (Q1 is the BF469 or MJE340 and 
Q2 is the BF470 or MJE350) with the 
correct orientation. 


Enclosure 

As mentioned earlier, we use the plas- 
tic box upside down, with the switches 
and LEDs protruding through the base 
of the box instead of the lid. 

We’ve provided a panel label to 
print out (available on the EPE web- 
site). 

The RJ12 sockets protrude through 
a 27 x 15mm cutout in one end. The 
RJ12 sockets support the PCB in place 
at this end. 

At the other end of the PCB, it is sup- 
ported using two M3 tapped spacers. 
These spacers can be 10mm long or 
9mm long with washers between the 
PCB and spacer to make up the extra 
1mm length required. 

The spacers are secured to the PCB 
with M3 x 6mm screws. We did not 
secure the other end of the spacers to 
the box since the PCB is held in posi- 
tion with the transistors preventing 
upward movement. Fig.3 shows the 
arrangement. 


4-Band Code (1%) 

brown black yellow brown 
orange orange orange brown 
brown black orange brown 
orange orange red brown 
brown green red brown 
brown grey brown brown 
brown black black brown 


5-Band Code (1%) 

brown black black orange brown 
orange orange black red brown 
brown black black red brown 
orange orange black brown brown 
brown green black brown brown 
brown grey black black brown 
brown black black gold brown 
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Shoe-horning the PCB into the box: first 
slide the board in at an angle so the two 
RJ12 sockets fit in their cutout. 


Next, jiggle the switch buttons a bit so 
that they emerge through the front panel 
(ie, case bottom!) holes. 


And finally, push the PCB up from 


underneath so the pushbuttons and LEDs 
poke through the panel. 


A diagram (Fig.4) is included, which 
shows the positioning of the rectangular 
cut-out in the end of the box for the RJ12 
sockets. The front panel label can also be 
used as the template for the hole posi- 
tions for the LEDs and switches. 

Once drilled out, the front panel can 
be glued in with contact adhesive or 
silicone sealant. Once the adhesive 
has cured, the holes are cut out with 
a sharp hobby knife and filed with a 
rat-tailed needle file to clean up the 
panel edges. 

The white edges of the photo paper 
inside the hole can be made less obvious 
by running a permanent black marker 
pen around the inside of the holes. 


Inserting the PCB 
So how do you insert the PCB into the 
box when it is used with the base of 
the box as the top panel? 

There’s an art to it, but once you’ve 
done it, you'll find it easy. Simply 
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Fig.4: the front panel artwork and end- 
panel cutout diagram, which can be 
copied and used as a template. Both of 
these can be downloaed from the EPE 
website. 


angle the two switches slightly for- 
ward (toward the RJ12 sockets). The 
switches can be angled because they 
are inserted into sockets and so can be 
easily moved. Tilt the RJ12 connector 
end of the PCB at an angle to first insert 
these connectors into the cut-out in 
the end of the box and then rotate the 
PCB to lie horizontal to the box base. 
The switches will then enter the holes 
in the box top. These switches can be 
seated correctly into their sockets by 
pressing them once the PCB is in place. 
The 10mm spacer prevents the PCB 
from dropping inside the box. 

To connect up to the telephone, 
connect the telephone line plug into 
one RJ12 socket of the DO NOT DIS- 
TURB! Timer and use the extension 
RJ12 lead to connect between the other 
RJ12 socket on the DO NOT DISTURB! 
Timer and the telephone. 
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Components Project Kits 
Motors Controllers 


Controller Boards 
Sensors 


Couplings 
Fixings 
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MFOS Analogue Synths 


Amplifiers 


Soundtronics 
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MIDI Thru Box 
PATTI TTT VAN | 


MIDI Keyboards 


Livid Instruments 


Technobots Online has recently expanded into three 
brand new websites, each focussing on an area of 
our products, The first to be launched is Soundtronics, 
fulfiling all of your audio needs. The range of products 
availabe will continue to grow, we currently stock: 


MIDI - Microphones - Speakers - Connectors - Leads 
Amplifiers - Audio Switches - Sounders - Test Gears 
Tools - Knobs - Hardware - Storage - Headphones 


Visit the new website for full product listings: 


ww SOUNCIONICS.couk 


sparkfun,, MFA [comovaus 
EiPololu 


Wobaotics & Electonics 


Official orders from UK Schools, 
Colleges and Universities welcome. 


Cana * Kit 


Elnctronio Kits 4 Moduiee 


39 


MAKE 


YOUR = 


Miixs Mibbett tales a look at haw fo produce your — 


OWN 


: $ [D) = iB S : ; ; 
> J 


4 


Part ab . 


owl Prive] cireuwit boarc (FCs). Ih this first part ie 
Gramlines What soimmare fs avetialen 


NE of the most rewarding aspects 

of electronics as a hobby is cre- 
ating something physical, that is du- 
rable and of high quality. We all have 
different standards and definitions 
that we work to (one person’s idea of 
perfection might appear shoddy to 
others!) but generally we all strive to 
do a good job. For electronics hobby- 
ists, that primarily means building a 
beautiful circuit board. 

A circuit board is only one of many 
components when creating a project; 
there is also the issue of an enclosure, 
mechanical assembly, wiring, software 
and even perhaps artistic design if you 
are using a graphics LCD. They all 
have their own challenges, tools and 
pitfalls, and all deserve articles in their 
own right. In this series we are going to 
be looking at the processes involved in 
the creation of a printed circuit board; 
from design and generating data for 
professional manufacture through to 
purchasing boards. We will look at 
the entire ‘development lifecycle’ and 
uncover the wrinkles, surprises and 
unique pitfalls associated with PCB 
design. We make the mistakes, so you 
don’t have to! 

Professional PCB manufacture has 
become increasingly accessible to 
hobbyists in recent years, but manu- 
facturers are still used to dealing with 
professional engineers, and so it can 
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be a little daunting as a hobbyist to 
submit a design for production. There 
is a whole new language to conquer, 
with strange and exotic phrases such 
as ‘acid traps’, ‘edge castellations’ and 
‘electroless gold plating’ to name a 
few. We will cover potential problems 
and hopefully provide you with the 
necessary information for you to make 
your first professional board a success. 
While it can be a little scary to part 
with perhaps fifty pounds for some- 
thing that may not work, creating your 
own boards can be very satisfying. 
There is a wide range of options avail- 
able for PCB manufacturing and you 
can use increasingly complex options 
as your skills and confidence grow, 
moving from single-sided through- 
hole designs up to double-sided, thin, 
surface mounts boards with complex 
profiles. 

PCB manufacturers have a wide 
range of tools that can be brought to 
bear when making your board; gold 
plating, drills, routing and v-scoring to 
name a few. These tools and processes 
are largely computer controlled and 
automated, which means that there 
is little difference in cost between a 
square PCB with three holes drilled 
in it and one with a crazy outline and 
50 holes. The main factor affecting 
cost is the PCB size, and the number 
of layers (a double-sided board is, to 


all intents and purposes, two single 
sided boards stuck together.) So it 
costs next to nothing to get creative 
with your designs. On top of that, the 
more boards you order the cheaper 
each part costs. So it pays to get your 
friends interested in a board or two at 
the same time. 


The world’s suppliers at your 
doorstep 

Professional PCB manufacture used 
to be just that — for professionals only. 
You needed a business account and 
payment by credit card was a no-no. 
With the advent of the Internet and 
easy payment services such as Paypal 
(plus the relaxing of commercial terms 
for accepting credit card payments as 
a result of increased competition) it 
has become easier and easier for com- 
panies to work with hobbyists. With 
so many of us accessible through the 
Internet it became financially viable 
to provide boards and even modest 
design support services. 

At first, a handful of PCB manu- 
facturers around the world started 
offering hobbyist-specific PCB pool 
services, where the manufacturer 
places several customer designs on a 
single panel. Boards took a long time 
to come back (three to five weeks) but 
they were cheap. Increasing competi- 
tion from Eastern Europe and the Far 
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Fig.1. Evolution of the author’s PCB 
designs 


East reduced costs across the board 
(no pun intended!) and it is now just 
about cheap enough to make it routine. 


PCB evolution 

Fig.1 shows the evolution of the 
author’s own board designs over the 
years. Top left is a hand-wired design 
built on a standard prototyping board 
(with the circuit design ‘made up as we 
went along’.) Judging by the cut-outs 
in the corner section this board lived 
in a case once. With no original design 
— not even a note in a log book — we 
have no idea what this was used for! 

Top right is an early CAD-assisted 
design, which was then hand etched. 
This board is about ten years old, and 
was part of a set of boards used to 
evaluate RS485 communication links. 
While designed with the aid of aCAD 
system — ‘Boardmaker’ most likely — 
it’s evident that we had not mastered 
the use of ‘copper flood fill’ to reduce 
the amount of copper removed. 

Bottom left is one of our first pro- 
fessionally manufactured boards, and 
features a number of design errors 
common to novices. There may be a 
prize for whoever spots the most flaws 
in that one! 

In the bottom right section of the 
image you can see our more recent 
designs, using surface-mount tech- 
nology. The tiny board measures just 
6mm x 20mm and had to be assem- 
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flow soldering process using an SMA 
(surface mount assembly) oven, as we 
discussed in an earlier article. When 
using an SMA oven to make your PCBs 
you must order an additional item 
from the PCB manufacturer, a solder 
stencil, as shown in Fig.3. This stencil 
is used to help with the placement 
of solder paste onto the board prior 
to placing components. The stencil 
adds about thirty pounds to the cost, 
but when you are ordering several 
hundred boards as we were here, it is 
an essential item and worth the price. 
This is an advanced option for PCB 
manufacturing and not something you 
are going to be interested in unless 
you are purchasing a large number of 
PCBs, but we thought you might like 
to see what you can do. 


Article series 

Over the coming months we will select 
a PCB CAD program, design a simple 
board, create manufacturing data and 
get some boards made. We start this 


Fig.2. A panel of PCBs 


bled with the aid of a specialist PCB 
manufacturing microscope (40 times 
magnification) and a verysteady hand. 
While the PCB on the 
left was purchased in 
single quantities, the 
two boards on the right 
were purchased in 
bulk. When buying 
more than a dozen or 
so boards it makes 
sense to have the 
boards panellised, 
as shown in Fig.2. 
In panel format it 
is possible to fit 
the components 
more quickly, 
and perhaps 
make use ofa re- 


Fig.3. Solder stencil 


month by looking at the CAD programs available on the 
market and making a choice of which one to use in the rest 
of the article series. We try to be as objective as possible, 
but there will always be an element of subjectivity, so 
apologies if we have not selected your personal favourite 
CAD tool! If we haven’t, or you decide to use a different 
one to ours, the principles described are exactly the same, 
so you won't be missing anything. 

Next month, we will select a circuit design and start 
using the CAD tool to enter the schematic, verify it and 
prepare for the PCB layout in the following month. 


CAD tools 
So let’s go ahead and select a CAD program. First, we 
need to decide on some selection criteria. These are ours: 


1) The program should be cheap. We are hobbyists, after all. 

2) It should run on the latest Windows PCs. Windows 7 
and 8 are the most popular operating systems with our 
readers, so the program should run on at least those. If 
it runs under Linux (the author’s preferred operating 
system) then all the better. 

3) It should be reasonably easy to use. Professional 
CAD engineers use CAD software everyday. For 
those of us who ‘dip-in’ once in a while, the soft- 


ware should be easy to use or we will be constantly 
making mistakes. 

4) It should be well supported. That means, there are lots 
of tutorials and help available on the Internet. 


There are at least a dozen PCB CAD programs available 
on the market, and several of those are available for free 
(created as open source projects, so you can even mod- 
ify the software itself.) Many of these programs can be 
dismissed due to being too expensive — anything costing 
more than a few hundred pounds is considered to be off 
limits, given that so much is available for little or no cost. 
At the other end of the cost scale, all bar one ‘free’ pro- 
grams have been ignored simply because it is considered 
streets-ahead of the other free offerings. 

We whittled the list down to seven; five paid for, two 
commercial but ‘free’, and one ‘Open Source’. (Open Source 
software makes not only the program free, but also its original 
design too, so anyone is free to change it. Although making 
changes to a program’s source code is an unrealistic prop- 
osition for most people, it does mean that there is likely to 
be continued development of the program, and changes will 
be to the benefit of the users, not some corporate strategy.) 

These programs all have their pluses and minuses, so 
lets take a look at them one by one. 
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PCB Wizard is a relatively cheap 


@ 


rs) 


@ File Edit View Insert Tools Window Help 
BMQAXK) LO M@ Mae AA 


product at around fifty pounds and 
available for purchase from Maplins 
in the UK and Ireland. A very limited 


Resistor Properties 


demonstration version is available 
for download that provides an insight 


Number 
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into its capabilities, but you cannot 
do useful work with it. We found PCB 
Wizard to have a nice and simple user 
interface, as can be seen in Fig.4. It’s an 
easy to use program for simple designs, 
but lacks surface mount component 
support, which is something of a 
surprise in this day and age. Surface 
mount components are becoming more 
popular and easy to purchase, so their 
omission is difficult to overlook. It’s a 
fun program to use, but we will pass 
on it this time, as anyone using it 
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would quickly surpass the program’s 
capabilities. 


(Eel Easy FC by Nasmber One Sevier - CPSFCE (PCR Dei 


Ge bet Yew fet Sets Qut Tox 
Oseee OO, oe 


Fig.4. PCB Wizard 


Easy-PC 


Created by Number One Systems in 
the UK, Easy-PC is clearly targeted at 
professional users, and this is reflect- 
ed in the price. A cheaper, pin-count 
limited version is available — limited 
to 1000 pins on the board — but this 
sells for £250, so is just a little outside 
our price limit. It includes a fast 3D 
viewer (as you can see in Fig.5) and is 
clearly a more appropriate tool for our 
needs, just too expensive for hobbyists. 
Remember, these tools will be pitched 
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against free programs. 


Fig.5. Easy-PC 
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Design spark PCB Oe ter tt seo oes ee toe 
Design Spark PCB is branded and 
distributed by RS Components, but is 
actually produced by Number One Sys- | | 
tems, the people who make Easy-PC.  g 
It’s no surprise then that the two have 
a similar look and feel(whichisagood 0) \¢ 
thing.) Unlike Easy-PC, Design Spark 
PCB is completely free although it is 

still proprietary code, and you have to 

register with RS Components to unlock 

some of the features. It’s laden with 

adverts for RS Components, but that 

is a small price to pay for something = 
that is free, and very useful. It has some - 
professional features, such as automatic 
routing of signals and even automatic 
placement of components. 


Fig.6. Design Spark 


There is no support for Linux operating systems (which a growing number of hobbyists are using these days) and 
overall we found the tie-in to RS Components a little annoying. It’s certainly worth a look, and there is a reasonable 


level of support available on the Internet, though not the best. 


Express PCB 
Express PCB is another proprietary pro- 


gram supplied free of charge, thistime program! 


by the PCB manufacturer ExpressPCB. 
Not a terribly original name for their 
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It appears to be a halfway solution 
between the simple, hobbyist-orient- 
ed tools and professional solutions. 
It runs only under Windows, has 
limited features and a limited (but 
usable) component library. In its 
favour is its integration with the 
PCB manufacturer; once you have 
completed a PCB design, a few button 
clicks sends the data to ExpressPCB 
for a quote. There are no complex 
steps required to generate the man- 
ufacturing data. This also works 
against it; the data you create can 
be processed by ExpressPCB alone, 
locking you into them as a supplier. 
As they are not cheap, nor have many 
manufacturing process options, this 
is a bad thing. We rejected them on 
that simple point alone. 


Fig.7. Express PCB 


Fritzing 


- 
VirtualColorMixer.f2z [READ-ONLY] - Fritzing - [Breadboard View] 


Fritzing is a fun and easy to use pro- Ble Ede Bare View Window Routing Help = 
gram, the software is open source, f 
and it runs on Windows, Linux and 


Mac PCs. It already presses all of our 
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You can send multiple 


buttons! You can see one of its simpler 
examples in Fig.8. 

It’s geared specifically towards hob- 
byists and is not really a PCB design 
tool but can be used to create all kinds 


values from the Arduino 
board to the computer 
using the serial print 
function. In this project, 
the analog values from 
three potentiometers 
are used to setthe red, 
green, and blue values 
ofthe background color 
ofa Processingsketch » e 


of designs based on PCB, Veroboard or 


running on the 
com puter. es 
hupi//arduino.cc/en/Tut 
orialAMrtualColorMixer 


breadboard. The visuals are beautiful 
and easy to understand — so they are 
great for producing designs to be re- 
used by other people. Designs can be 


translated into physical boards, but the 
options are limited. It is huge fun to 
play with though, and from just a few 
hours playing with it we have become 
hooked. Expect to see images created 
by Fritzing in future Pic n’ Mix articles! 
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Fig.8. Fritzing 
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Eagle 

Eagle is something of a hybrid; it is 
available for free for use with boards 
sized under 80mm x 100mm, and the 
paid versions start at just outside our 


budget. It provides all the usual pro- 
fessional features (as expected of a 
CAD package that costs under £1000) 
and is, in the author’s view, very 
easy to use. We have used it for over 
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Fig.9. EagleCAD 


KiCAD 

KiCAD is the only Open Source CAD 
program to make our list. The reason 
for this is simple: it is streets ahead 
of other free programs, and ahead of 
many expensive commercial versions 
too. It aims to be a professional solu- 
tion, and makes no effort to be easy 
to use, or friendly towards hobbyists. 
You can see a complex design in the 
KiCAD user interface in Fig.10. 

KiCAD comes with a simple au- 
torouter and a basic 3D viewer capa- 
bility, and its component library is 
good (although perhaps not as good 
as EagleCAD.) As with the other 
programs it is possible (and normal) 
to create symbols yourself; it’s just 
that it’s nice to have these already 
available, especially when one is 
new to the program and unfamiliar 
with its use. 

KiCAD has its supporters in the 
industry, including the PCB and Devel- 
opment board manufacturer Olimex, 
which wants to see a non-proprietary 


CAD program become the tool of 
choice. 

KiCAD is the most likely tool to en- 
tice the author away from EagleCAD, 


ten years and have yet to be teased 
away to another program. It comes 
with a good autorouter (although an 
automated component placement 
option would have been nice.) Just 
as RS Components supports Design 
Spark, so Farnell have jumped on 
the bandwagon and put their weight 
behind EagleCAD. Their input to 
EagleCAD is subtle, however — a 
simple link in the user interface, and 
the addition of Farnell part numbers 
to the component symbols. This is a 
very useful feature, as it simplifies 
the creation of parts lists. 

EagleCAD appears to be very popular 
on the Internet. There are thousands 
of links to tutorials on all subjects 
relating to its use, and the likes of 
AdaFruit, SparkFun and others often 
publish their open source hardware 
designs in EagleCAD format. As do 
many hobbyists too. 

It’s available for Linux too, ticking 
another of our boxes. The EagleCAD 
user interface can be seen in Fig.9. 


yet each time we try, the steep learning 
curve (and the need to create custom 
symbols that are already available for 
EagleCAD) has put us off. 


| Pebnew (2011-nov-30)-testing /usr/share/doc/kicad/demos/kit-dev-coldfire-xilinx_S213/kit-dev-coldfire-xilinx_S213.brd [Read Only] 


File Edit view Place Preferences Tools DesignRules Help 


QQAaeR 
¥ | PF |erid1.270 


Heal 43 Sh 


Track 0.198mm*| ¥ 


f= 


Via 0.635 mm * 


es 
oe 


40 D898 xk = 


Links 
3275 743 210 $34 534 
293,04C X 190.500 Y 46.990 
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Conclusion 

There are several programs that stand 
out in this group; KiCAD for being 
completely free and very powerful, 
EagleCAD for being very popular 
and free (with some limitations) and 
Fritzing, which is not really designed 
for PCB creation, yet is a fantastic tool 
for other uses. 
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In the end, however, we are going 
to go with EagleCAD. Its easy to use, 
popular, has many tutorials available 
and a large component library. Board 
sizes are limited to 100mm x 80mm 
for the free hobbyist version, but if 
you need to design larger boards than 
this then the learning curve with 
KiCAD will not be such a concern. 


We explore the language of PCB 
design next month, and lay down 
some of the key concepts before 
starting on a PCB design proper the 
following month. Until then, why 
not download EagleCAD and have 
a play, perhaps watch some tutorial 
videos before we dive into the subject 
in detail. 
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The mystery of component markings 


HE amount of writing to be 
i found on electronic components 
varies considerably from one 
type to another. Most resistors and 
a few other components use colour 
coding to indicate the value and other 
parameters, and carry no alphanumeric 
characters at all. However, apart from 
resistors it is the norm for components 
to be marked with the value or type 
number in written form, probably with 
other information that is appropriate 
for the type of component in question. 
A capacitor for example, will usually be 
labelled with its maximum operating 
voltage and tolerance rating in addition 
to its capacitance value. 


Blind date 

You will find with some components 
that there are additional markings 
that do not seem to make a great 
deal of sense. There could also be a 
value or type number that is not as 
expected. Taking the extra markings 
first, these sometimes give additional 
information about the component, 
such as temperature coefficient or 
maximum temperature rating, but in 
most cases anything of this type is not 
of any practical significance unless 
you are designing your own circuits. 
Even then, the extra information 
provided will be of little practical 
interest. 

In most cases the additional 
markings are of no importance. They 
are often things like batch numbers, 
the manufacturer’s name or logo, 
and date codes. Many manufactured 
goods, and not just electronic 
components, are marked with the date 
of manufacture. This is unlikely to be 
in day-month-year form, or anything 
of this ilk. It is more likely to be in a 
more cryptic form, such as the number 
of days since the factory where it 
was made started production, or the 
number of days that the factory had 
been in production. Sometimes there 
will be a few letters and numbers that 
indicate the particular plant where 
the component was produced, and the 
year of production. Again, the year is 
likely to be in an obscure form, with 
the letter ‘A’ perhaps being used for 
the first 12 months of production, the 
letter ‘B’ for the next 12 months, and 
so on. 

Anything of this type is meaningless 
to anyone other than those ‘in the 
know’ who work for the manufacturer. 
It is also likely to be of no help 
whatever to the end user. Just the 
opposite in fact, and you have to learn 
to ‘separate the wheat from the chaff’. 
Find the value or other information 
that is needed and ignore any other 
markings. 


Best before 

Some electrolytic capacitors are 
marked with the date of manufacture 
in a more normal form. This seems 
to be less common than was once 
the case, and it is something that has 
only ever been commonplace with 
higher value and (or) high voltage 
components. It is the capacitor version 
of a ‘use by’ or ‘best before’ date, 
although the marked date is usually 
indicates when the component was 
made rather than when it is likely to 
fail. Electrolytic capacitors tend to 
deteriorate with age faster than most 
other components, due to a decline in 
the potency of the electrolyte in the 
dielectric. The problem is simply that 
the electrolyte gradually evaporates. 

Electrolytic capacitors can fail in 
spectacular fashion, but that is not 
really a problem when deterioration 
due to aging occurs. Electrolytic 
capacitors tend to go lower and lower 
in value as they gradually fade away, 
rather than ‘going out with a bang’. 
Old audio and radio equipment often 
suffers from excessive ‘mains hum’ 
because the smoothing capacitors have 
lost much of their value and are not 
smoothing the supply properly. I have 
a couple of old electronic flashguns 
that appear to work perfectly, but their 
‘tired’ capacitors only provide about 
half the output they used to. 

The operating life of an electrolytic 
capacitor is dependent on 
temperature, with higher temperatures 
giving greatly reduced lifespan. The 
manufacturer’s data will usually 
indicate an operating life of 10 years 
or more at room temperature, but at 
higher temperatures it could be just 
a few thousand hours. Presumably 
this is the reason for a date of 
manufacture being given instead of a 
‘replace by’ date. The operating life 
is largely dependent on the operating 
conditions. Anyway, I would 
guess that most items of electronic 
equipment become obsolete long 
before the electrolytic capacitors they 
contain deteriorate to a significant 
degree. If you should happen to obtain 
some electrolytic capacitors marked 
with dates from long ago, perhaps in 
a ‘bargain bundle’ of components, it is 
probably best not to use them. 


Electrolytic capacitors are 
sometimes marked with a 
temperature, or perhaps two 


temperatures (Fig.1). These simply 
indicate the maximum operating 
temperature, or the maximum and 
minimum working temperatures. 
Going outside the safe operating range 
can result in a component failing due 
to the electrolyte freezing or rapidly 
evaporating. 
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Fig.1. Some electrolytic capacitors are marked with maximum, 
or minimum and maximum operating temperatures. The 
operating range is usually very wide, as in these examples 


Tolerance letter 
Higher wattage resistors, capacitors, and possibly some other 
components such as inductors, are often marked with what 
may seem to be a meaningless letter. In some instances, it 
might actually be of no significance, but it is usually a code 
letter that indicates the tolerance rating of the component’s 
value. For example, if a 100 nanofarad capacitor is marked 
with a letter ‘K’, its tolerance rating is plus and minus 10 
percent, and its actual value is somewhere in the range 90 
to 110 nanofarads. Code letters are not always used, and 
the tolerance value is often just written on the component. 
The tolerance rating of a component is not always of great 
importance, but unless you know what you are doing it is 
advisable to assume that it is and always use a component 
of adequate quality in this respect. It is all right to use a 
component that has a tighter tolerance rating than the one 
called for in a components list, but one having a larger 
tolerance figure should not be used. Table 1 lists the common 
tolerance code letters and the values that they represent. 


Table 1: Tolerance codes 


Code letter Tolerance 
F +1% 

G + 2% 

J + 5% 

K + 10% 

M + 20% 


Mistaken identity? 
Semiconductors such as transistors often have markings 
other than the type number. Some of these can look a bit 
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like type numbers, but it is usually quite easy to sort out 
the genuine type number from batch numbers, date codes, 
or whatever. The more usual problem with semiconductor 
markings is that the type numbers marked on the supplied 
devices are not quite as expected. This could be due to an 
error and the wrong components being supplied, but in most 
cases it is simply due to the fact that many semiconductors 
are sold under two or more slightly different type numbers. 

Semiconductor type numbers generally break down 
into three sections, but small semiconductors such as 
transistors and diodes have a slightly different system to 
the one generally used for integrated circuits. Taking small 
semiconductors first, the middle section of the type number 
is the most important one because it is the serial number. 
This usually has three or four digits, and if it is incorrect, 
you certainly have the wrong component. 

The initial part of the type number for European Pro 
Electron devices gives some basic information about 
the type of device. For example, the first letter is ‘A’ for 
a germanium component or ‘B’ for a silicon device. The 
second letter indicates the type of component, such as ‘A’ 
for a signal diode and ‘C’ for a low power audio transistor. 

Semiconductors that have American JEDEC (Joint 
Electron Devices Engineering Council) type numbers have 
a prefix that consists of a number followed by the letter ‘N’. 
The number is ‘1’ for diodes and rectifiers, ‘2’ for normal 
transistors, and ‘3’ or more for special devices such a dual 
gate MOSFETs. The number is simply one less than the 
number of leads that the device has. A 1N914 therefore has 
two leadout wires, and it is actually a small diode. However, 
the exact type of component is not conveyed by JEDEC type 
numbers, which are less helpful than the Pro Electron ones. 
They are really just stating the obvious. 

JIS Japanese Industrial Standards) type numbers again 
start with a number that is one less than the component’s 
number of leadout wires. This is followed by two letters 
that identify the general type of device, rather like the 
European system, but the coding is different. As a couple 
of examples, SA indicates a high frequency NPN transistor, 
and SC is the code for an audio PNP type. For normal types 
of transistor the first two digits are always ‘2S’, and perhaps 
a little unhelpfully, these two digits are often omitted 
from the type numbers marked on the devices (Fig.2). 
With small semiconductors it is clearly important that the 
prefix is correct, and it is not just the serial number that is 
of importance. The BC161, BD161, 2N161 and 25B161 are 
different devices. 

Most small semiconductors have type numbers that 
conform to one of the three standards, but there are 
inevitably some exceptions. The only ones you are most 
likely to encounter are those produced by Texas Instruments, 
or other manufacturers’ versions of these devices. These 
components have prefixes such as ‘TIP’ and ‘TIS’. There are 
others though (Fig.3). 

The third section of the type number is usually absent in 
the case of small semiconductors, but there are exceptions. 
Some European transistors are available in low, medium and 
high gain versions, which respectively have ‘A’, ‘B’, and ‘C’ 


Fig.2. These are 2SA872, 2SB718, and 2SA1085 transistors. 
It is normal with JIS type numbers for the ‘2S’ part to be 
omitted on the actual components 


suffix letters. Versions which lack a suffix are also available, 
and these can be high, medium, or low gain devices. It is 
important to use the specified type if a components list 
includes one of these suffix letters, but they are otherwise 
of no importance. 

In the past, a suffix letter was sometimes used to indicate 
the leadout configuration of a transistor. This method seems 
to have fallen from favour though, and these days each 
leadout configuration would instead be given a different 
serial number. If an old design should call for a transistor 
having a suffix such as ‘L or ‘Kk’, it is important to obtain the 
right type or to alter the method of connection to suit the 
different leadout configuration. 
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Fig.3. Not all transistors and diodes have JIS, JEDEC, or Pro 
Electron type numbers. These are EC-10P16 and EC-10N16 
complementary power MOSFETs 


On the make 

A few integrated circuits have European Pro Electron 
type numbers, but the normal method these days is for 
the prefix to indicate the maker, with the middle section 
carrying the serial number, and the suffix indicating the 
type of encapsulation. Since it does not matter whether a 
component is made by Motorola, RCA, or Texas Instruments, 
or any other company, the prefix is not of any importance. 
A CA1458 from RCA is the same device as the MC1458 
from Motorola. It would make life a little easier for users if 
exactly the same type number was used by all manufacturers 


of an integrated circuit, but it is understandable if each 
manufacturer decides to use their own prefix. 

Having components produced by more than one 
manufacturer is known as ‘second sourcing’. It may 
seem strange for a company to license rivals to produce 
components that will be sold in direct competition to their 
own versions. However, equipment manufacturers do not 
like being tied to a single source of supply. Having alternative 
sources introduces competition that helps to hold down 
prices, and reduces problems if the originator of the device 
suddenly decides to ‘pull the plug’ on production. With 
two or more sources of supply a component is much more 
saleable. 

The serial number of integrated circuits sometimes 
contains one or more letters, and in the case of voltage 
regulators a single letter indicates the current rating of the 
component. Table 2 shows the common code letters and the 
current ratings that they represent. A 78M12 is therefore a 
+12 volt regulator that can handle currents of up to 0.5 amps. 


Table 2: Regulator current codes 


Letter Current rating 
L 0.1A (100mA) 
M 0.5A (500mA) 
None 1A 

S) 2A 


The original 74 series of TTL integrated circuits has 
type numbers that conform to the normal three-section 
convention, with the obvious proviso that the serial 
numbers all start with ‘74’. Numerous improved versions of 
the original devices have been produced over the years, but 
most of these are now obsolete. Some are still in use today 
though, and these have two or three letters added after the 
‘74’ part of the type number in order to distinguish them 
from the standard devices (Fig.4). For example, ‘LS’ is used 
for low-power schottky devices, and ‘HCT’ is used for high- 
speed CMOS devices that operate at standard TTL logic 
levels. The 74LS02 is therefore the low-power schottky 
version of the standard 7402 chip. 

Compatibility between the various 74 series logic families 
is not particularly good, and they even have different supply 
voltage ranges. Unless you know what you are doing it is 
not advisable to use a device from the wrong 74 family. The 
chances of it working properly are not good, and it might 
even be damaged by an inappropriate supply voltage. 


Case styles 

Integrated circuits are usually available with various 
types of encapsulation. Many of the encapsulations and 
pin types of the past have now disappeared, but various 
surface-mount types have been added. Accordingly, many 
integrated circuits are available with a standard DIL (dual 
in-line) encapsulation of some kind, plus various surface- 
mount options. The suffix of the type number is used to 


Fig.4. From left to right, these are a standard 74 series TTL 
device, a low-power schottky type, and a high-speed CMOS 
device. Compatibility between the various 74 TTL logic families is 
not very good, and it is advisable to only use the specified type 
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indicate the type of encapsulation of the device, and it 
might also give other information, such as whether a device 
is of consumer or military grade. 

Clearly the suffix of an integrated circuit is something 
that cannot be ignored, and obtaining a device that has the 
wrong suffix will provide you with the right semiconductor 
chip, but in an encapsulation that is physically incompatible 
with the project’s printed circuit board. Unfortunately, 
matters are complicated by a lack of proper standardisation 
for integrated circuit suffixes. Some suffixes are used by 
more than one manufacturer, but most seem to use their 
own system. 

The MC1458CP and CA1458E have different suffixes (‘CP’ 
and ‘E’). In the case of the MC1458CP the ‘C’ indicates that 
it is a standard DIL device, and the P indicates that it has a 
plastic casing. The ‘E’ in the CA1458E type number means 
the same thing, and the two devices are direct equivalents. 
In practice, this means that you have to make sure that the 
package type of the device you intend to buy matches the 
one specified in the components list. Provided these are 
the same it will not matter if the two type numbers have 
different suffixes. 

Over the years, EPE has often given the advice that you 
should make sure that all the components for a project 
are still available before actually buying any of them. 
Disappearing integrated circuits are a common source of 
buying troubles, and these days the problem can be due 
to the required DIL version being discontinued, with one 
or more surface-mount versions being left in production. 
There is a potential solution in the form of adapters that 
effectively convert surface-mount chips into DIL types. 
However, bear in mind that there is no guarantee that an 


Fig.5. It is a bit difficult to see, but this relay has a pin connection 
diagram moulded into the top of the case in the bottom left-hand 
section. This can be useful if a relay has to be hard-wired to a 
circuit board 


adapted device will be a pin for pin equivalent to the DIL 
version, or even that it will have the same number of pins. 


Relays 

Relays are usually marked with the coil resistance and its 
nominal operating voltage, plus the manufacturer’s logo and 
the usual extraneous letters and numbers. Some also carry a 
simple graphic that shows the function of each pin (Fig.5). 
This can be more than a little helpful if it is necessary to 
hard-wire the component to the rest of the circuit. 


OF 


32 digital input/output channels for 
your Raspberry Pi. Stack up to 
four lO Pi boards to give you 128 
1/O channels. 


ADC P| 


8 channel analogue to digital 
converter. I?C address selection 
jumpers allow you to add up to 32 
analogue input channels to your 
Raspberry Pi. 


BC PI 


Real-time clock with battery 
backup and 5V I?C level converter 
for adding external 5V I?C devices 
to your Raspberry Pi. 


Com Pi 


RS232 and 1-Wire® expansion 
board adds an serial port and 
1-Wire® port to your Raspberry Pi. 
Ideal for the Model A to enable 
headless communication. 


Ae omies 
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Distortion 

Capacitor distortion is similar to that 
produced by magnetic tape and audio 
transformers; mainly second and 
third harmonic. It is rather innocu- 
ous, unlike crossover distortion in 
power amplifiers. Transformer cou- 
pling gives a distortion level at least 
an order of magnitude worse than 
wet electrolytic capacitor coupling. 
Solid-capacitor coupling is typically 
about halfway between the two. 

A customer once asked me to take 
out the ‘nasty tantalums’ in a vintage 
Neve 1073 microphone pre-amp. 
Then he said it had ‘lost some of its 
warm character’. They went back in, 
and the ‘warmth’ returned! My profes- 
sional life seems to be caught between 
minimising distortion in hi-fi and 
monitoring systems, or maximising 
‘nice sounding’ distortions in mic- 
preamps, processors and effects units. 


GENERIC POWER AMP 
(TDA2050 OR DISCRETE) 
o/P 


Fig.1. A servo can be used to eliminate the 
large electrolytic capacitors in power-amps. 
They will even eliminate the offset from 
preceding stages. 


as | i 


AUDIO OUT 


Fig.2. Increasing resistor values often al- 
lows capacitor values to be lowered, avoid- 
ing the need for electrolytic types. Watch 
out for increased offset voltages and noise. 


Measuring total harmonic distortion 
is a blunt instrument in audio work, 
but it does show up non-linearities. 
Small amounts of harmonic distortion 
are often inaudible, but non-linearity 
leads to intermodulation distortion in 
music, where multiple instruments 
are combined at varying levels, which 
can sound unpleasant. 

Modern music, with its high sub- 
bass content and 
layers of com- 
plex sounds can 
suffer ‘pumping 
effects’ from high 
capacitor distor- 
tion. With single 
sound sources 
and simple acous- 
tic music, it is 
often un-notice- 
able and possibly 
enhancing. Most 
capacitor distor- 
tion is generally 
an inaudible sec- 
ond-order effect 


OR® 


By Rvalkelotaimen 


2x BAT42 


1N4148 es 
k a 


Fig.4. Extreme ‘capacitor distortion’ can be 
simulated by adding diodes to a capacitor. 


Fig.5. This ‘bad cap’ can be used to see 
the effect of distortion in various circuit 
locations. 


other sources of distortion have been 
dealt with. 


Why use capacitors at all, DC 
coupling’s all the rage isn’t it? 
I have thought about this with respect 
to my own designs, but decided ‘DC 
coupling everything’ — as popularised 
by the US hi-fi designers, was not an 


and can be safely Fig.3. Adding a buffer amp can increase input impedance and elimi- 
ignored until all nate a large electrolytic capacitor. 


GENERIC POWER AMP 


LOWER-ARM FEEDBACK 
CAPACITOR DISTORTION 


ii IS A PROBLEM 


Fig.6. Capacitor distortion in the lower-arm 
of the feedback network in power amps is 
significant. A single tantalum bead here is 
not recommended. 


10mA 
CONSTANT 
CURRENT 
SINK 


Fig.7. Pre-amp emitter bypass and collector-load bootstrap capac- 
itor distortion is reduced by overall negative feedback. Tantalum 


types can be substituted here. 


CONSTANT 
CURRENT 


4.5mA | 
DIODE (CCD) 


BC182L 


2SD655 


Fig.8. In this small power amp, collector bootstrapping capacitors 
can be eliminated by replacing the three-component network with a 
constant-current source. This can be a single constant-current diode 
(CCD). Note this reduces the power output from 600mW to 420mW, 


but the crossover distortion is better. 


COLLECTOR 
BOOTSTRAP 


option. There will always be switch- 
es and pots in analogue music gear, 
which generate noise with the slightest 
trace of DC. Plus, audio has no need 
to go down to DC, unless you want 
to recreate the earache of an aircraft 
landing. 

It is worth remembering that DC 
‘servos’ increase power consumption 
and complexity. However, if you want 
to experiment with servos, one I use 
is given in Fig.1. This eliminates the 
lower-arm feedback capacitor used in 
many power-amps. For DC-coupled 
audio, expensive low-bias current 
and offset op-amps are needed, which 
may have higher noise and distor- 
tion, since their 
main markets are 
not audio. Cost-ef- 
fective audio op- 
amps, like the 
5532, have poor 
DC specs, due to 
their high current 
bipolar input stag- 
es. Consequently, 
lots of coupling ca- 
pacitors are man- 
datory. The low 
impedances used 
to minimise noise 
also means that 
capacitance values 
have to be high, 
and electrolytic 
types for values 
above 1)1F have to 
be used. 


Initial approach 
The first line of 
attack in getting 
wet electrolytic ca- 
pacitors out of de- 
signs should be to 
replace all the low 
values with film- 
type capacitors. 
5mm-pitch pol- 
yester capacitors 
are available from 
Wima up to 3.3pF 
at prices similar to 
tantalum types. In- 
creasing a few resis- 
tor values will of- 
ten allow coupling 
capacitor values to 
be lowered, further 
eliminating elec- 
trolytic capacitors, 
as demonstrated in 
Fig.2. Remember, 
with modern com- 
ponents, adding 
an extra transis- 
tor or op-amp to 
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of 


Zin = 22k 
(0.72Hz) 


BOOTSTRAP BOOSTED Z,, ALLOWS SMALLER 
CAPACITOR TO BE USED AT INPUT 


Zin = 130k 
150n = 0.8Hz 


MIXER AMPLIFIER 


10 
Si 


BOOTSTRAP 


NOTE: OUTPUT 
CAPACITOR |S 
INSIDE FEEDBACK 
LOOP 


Fig.9. Bootstrapping can be used on inputs 
to increase input impedance without 
increasing offset voltage, allowing film 
capacitors to be used. 


eliminate a wet electrolytic capacitor 
will improve overall circuit reliability 
(Fig.3). 


‘Extra-bad’ capacitors 

Some circuit locations are more 
critical than others. I have built 
‘extra-bad’ capacitors consisting of 
a Y5V ceramic capacitor with added 
diodes — see Fig.4 and Fig.5. These 
‘capacitors’ make distortion so bad it 
is visible on a ‘scope. I can then assess 
the impact capacitor distortion may 
have in certain positions and check 
the effectiveness of any distortion 
reduction measures. For instance, 
any distortion in the lower-arm feed- 
back capacitor in power amplifiers 
is especially noticeable. (Designer 


ne 


Fig.10. 100nF capacitors — left to right mul- 
tilayer X7R ceramic, polyester film and tan- 
talum bead. Obviously the film type should 
be used for through-hole construction. 


BIG POWER AMP 


Fig.11. If a large value solid capacitor is re- 
quired, a low voltage type can be used with 
diode protection in the event of faults. 


Ed Cherry was fond of saying ‘avoid 
tantalum beads in this area’, as far 
back as 1983 — see Fig.6). 

Other areas, such as emitter bypass 
and collector-load bootstrap capacitors 
are much less critical, overall negative 
feedback will linearise them, as shown 
in Fig.7. Collector bootstrap capacitors 


Fig.12. Connecting two tantalum capacitors 
in series back-to-back reduces distortion by 
almost six times. 


Fig.13. Back-to-back tantalum capacitors 
with a smaller plastic-film bypass capac- 
itor reduces the distortion above the low 
frequency rise. 


Fig.14. Note the difference in size between 
the composite tantalum capacitor and the 
equivalent film type (top). 


can be eliminated by replacing them 
with constant current diodes/circuits 
if the power supply voltage is high 
enough to lose a few volts — see Fig.8. 
Input capacitors are also sensitive; 
Fig.9 shows how bootstrapping can 
be used to avoid large values, allowing 
film types to be employed. 

I have seen leaded 100nF to 680nF 
tantalum capacitors, shown in Fig.10. 
What is the point in using them when 
film types are almost now the same 
size and cost? However, with surface 
mount components, tantalum capac- 
itors are still much smaller. In such 
audio circuits, the choice is usually 
between multilayer ceramic capaci- 
tors (MLCCs) and tantalum types, and 
the MLCCs are much worse. 

The rise in distortion as frequency is 
reduced, is also apparent with solid 
capacitors and it is worse than wet 
aluminium. It can’t be dealt with by 
oversizing, because the maximum CV 
product values available in solid tan- 
talums are limited from 22pF 50V to 
330pF 6.3V, and they get very expen- 
sive at this level. Polymer capacitors 
can be a bit bigger at around 1000pF 
at 16V, although only recently have 
they been available at higher voltages. 
To enable high capacitance values 
to be used, a low voltage capacitor 
with diode protection can be used 
(Fig.11). In the future, graphene and 
nano-technology may greatly increase 
the capacitance available. 


The back-to-back connection 

The distortion rise at low frequencies 
with solid tantalum capacitors can be 
mitigated by putting two capacitors in 
series back-to-back — see Fig.12. The 
pair can then be bypassed by a film 
type to reduce the higher frequency 
distortion — see Fig.13. This technique 
was used in Jim Rowe’s USB instru- 
ment interface in the December 2013 
issue of EPE. The circuit board area of 
this technique is much less than the 
comparable film capacitor (Fig.14). 
A single capacitor will have much 
higher second harmonic distortion 


Fig.15. Parallel back-to-back connection 
of tantalum capacitors. This offers a major 
reduction in distortion, but will only block 
small voltages of up to 1V either way. 


and will only give protection one way 
if a severe offset fault develops. If a 
very large value capacitor is needed 
to block small offset voltages/cur- 
rents, say for potentiometer wipers, 
the back-to-back parallel connection 
can be used. (Fig.15 and Fig.16). Note 
that this configuration will only block 
1.5V either way, so offers no circuit 
protection in the event of faults. 
The distortion cancellation with 
bi-polar techniques depends on good 
matching between the capacitors and a 
reduction of up to 10x can be obtained. 
Sometimes the bi-polar connection 
can be obtained if input and output 
capacitors of interconnected stages are 
oriented correctly — see Fig.17. 
Fig.18 shows a mixer channel strip 
that has been cooking in a hot rack 


PARALLEL 
BI-POLAR 


ae a) 47 6V3 


SERIES 
BIPOLAR 
220 10V 


Fig.16. Bipolar solid capacitor configu- 
rations applied to lower-arm feedback 
capacitors. 
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Fig.17. The bi-polar configuration can 
sometimes be obtained by correct orienta- 
tion of capacitor polarity when intercon- 
necting stages. 


since 1988. It uses only solid capaci- 
tors. Note the use of back-to-back tan- 
talum capacitors and solid-alumini- 
um power rail decoupling capacitors. 

Bi-polar solid tantalums are availa- 
ble, but rare and expensive. Nobody 
seems to make a bi-polar polymer 
capacitor, which is a pity as it could 
be the ideal audio capacitor — take 
note Panasonic! The old MnO, solid 
aluminium capacitors are almost 
semi-bipolar, having a 3V continu- 
ous reverse rating. They are so hard 
to blow up, they are ideal for ca- 
pacitance substitution boxes. Their 
distortion performance is midway 
between wet electrolytic and solid 
tantalum types. 


Biasing 

Some engineers bias the centre con- 
nection of series back-to-back polar- 
ised capacitors and claim it reduces 
distortion further. I have not been able 
to replicate this. I found the system 
to generate its own bias voltage at 
high levels due to reverse leakage. 
Bateman says a small voltage around 
1V to 5V is more beneficial than the 
conventional wisdom of using half the 
rated voltage. Of course, in single-rail 
circuits the capacitor is always biased 
at half-rail. 


Solid capacitors are happy with no 
bias at all, such as in dual-rail op-amp 
circuitry. Their polarity is unimpor- 
tant and they will tolerate small offsets 
up to around —1V continuously. They 
will also be fine with momentary 


Fig.18. This mixer channel strip has been cooking in a hot rack since 1988. All the capac- 
itors were perfect. Note the use of back-to-back tantalum capacitors and solid aluminium 


types for rail decoupling. 


reversals of 15 to 25 per cent their rated 
voltage. In the 1980s, when I worked 
as a test engineer at Brooke Siren 
Systems, their highly regarded FDS 
360 crossovers had wet aluminium 
coupling capacitors that were back-to- 
back and biased in 
the middle. There 
was even an extra 
current displace- 
ment resistor to 
bias the op amps 
output into class 
A — see Fig.19 — 
total overkill. 


Leakage 

Another advan- 
tage of solid-tan- 
talum capaci- 


than tantalums and exhibit some 
degree of settling. This means pull- 
down anti-click resistors on audio 
switches can be 10x higher if tanta- 
lum coupling capacitors are used, as 
shown in Fig.20. 


tors is that their Fig.19. Brooke Siren Systems used to bias their back-to-back cou- 
leakage current pling capacitors with this special arrangement, which also biased the 


is typically 10x output of the op amp into class A. 


lower than wet 
aluminium types, 
resulting in less 
noise from pots 
and switches, es- 
pecially just af- 
ter turn-on if the 
equipment has 
not been used 
for a while. In 
this situation, the 
leakage currents 
of wet alumin- 
ium capacitors 
are initially high 
and have to settle 
down. The solid 
aluminium and 
aluminium pol- 


R = 22k FOR WET ALUMINIUM 
R = 220k FOR TANTALUM 


Fig.20. It is necessary to use ‘anti-click’ resistors to hold the voltage 
on the switch contacts at OV. Since tantalum capacitors have 10x less 
leakage current than wet aluminium capacitors, the resistors can be 


ymer types have 19 higher in value. The increased impedance may allow the capaci- 


higher leakage tance to be reduced. 
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CIRCUIT SURGERY 


REGULAR GLINIC 


BY IAN BELL 


Selecting the right op amp 


AST month, we started discussing 

the problem of selecting a suitable 
op amp in response to a question 
posted by 741 on the EPE Chat Zone 
forum. We looked at an overview of op 
amp operation, considering where real 
devices might differ from the ideal case. 
We also looked at the categories of the 
devices used by manufactures (such 
as the audio tag that 741 mentioned), 
and at how to find devices via on- 
line interactive selection lists. Once a 
possible device is identified, detailed 
information can be obtained from its 
datasheet. These are available as PDF 
files from manufacturers’ websites. 

As we mentioned last month, high 
op amp performance in one area may 
mean a device is less good in other 
respects; for example, there is usually 
a trade-off between DC accuracy and 
speed of operation. There are a number 
of limitations to op amp performance 
which might catch new designers 
unaware; for example, a device may 
have an apparently appropriate 
bandwidth, but will distort a large 
output signal if the slew rate is not good 
enough. This month, we will look at op 
amp characteristics and specifications 
in more detail, covering some of the 
key parameters which you will find on 
a data sheet. 


Application areas 

A typical data sheet will start with 
the headline specifications listing the 
device’s best characteristics. There will 
often be a list of suggested application 
areas for which a device is suited; this 
is in effect the markets into which 
manufacturer is trying to sell the device. 
There will usually be a written overview 
of the op amp’s key features. On the 
following pages the specifications will 
be listed in more detail, including 
the conditions under which certain 
figures apply. Performance may vary 
with supply voltage, temperature, 
frequency, etc, and you may need be 
careful about what conditions apply 
in your design. The specification list is 
often followed by sets of graphs which 
show in more detail how parameters 
vary. The datasheet may also include 
other information such as application 
circuits and packaging details. 

The specifications given on op amp 
data sheets can be divided into electrical 
ratings (maximum voltages etc), signal 
handling (mainly for ac, but also dc 


54 


signals) and _ offset-related (which 
particularly affect dc accuracy). We 
discuss these in turn. Fig.1 shows the op 
amp symbol with the input and output 
voltages labelled. An op amp amplifies 
the difference in voltage between its 
two inputs, so V,,,, = A,(V, — V,), where 
A, is the open-loop voltage gain, V, is 
the non-inverting input voltage and V, 
is the inverting input voltage. This was 
discussed in more detail last month, but 
V, and V, will be referred to frequently 


in the following discussion. 


Fig.1. Op amp symbol 


Electrical ratings 

Maximum and minimum power 
supply voltage (or supply voltage 
range). Op amps are often used with 
split supplies (equal positive and 
negative supply so that ground (0V) 
is at the midpoint). However, single 
supply circuits (a positive supply and 
ground) are also very common. The 
maximum supply voltage is the total 
supply voltage, so it would be 30V for 
a split +15V supply. The maximum 
supply is most typically in the range 
of around 3V to 30V, but there are a 
significant number of devices with 
supplies up to around 40V to 45V, and 
special high voltage op amps are also 
available for much higher voltages 
(hundreds of volts). 

The minimum voltage is typically 3V 
to 10V for op amps with 30V maximum 
supplies, but this varies quite a bit. 
There are a number of low voltage 
op amps that have minimum supply 
voltages down to 1V or less. These 
are usually intended for low power 
applications. Exceeding maximum 
supply voltages can cause damage to 
integrated circuits due to excessive 
current flow and power dissipation. 


Maximum differential input voltage. 
This is the maximum value of (V,- 
V,) which can be applied. Typically 
this is equal to the supply voltage, 
and may be specified with respect to 
the supply. In some cases is may be a 
largish value such as +40V, in others it 
may be much lower, less than +1V, for 


example. You will need to take note 
of this if your application causes large 
differential inputs to occur. 

In actual operation the differential 
input voltage is often very low due to 
the high gain of the op amp. Consider 
an op amp with a gain of one million 
operating on a +10V supply. The 
maximum output voltage will be +10V, 
which only requires a differential 
input of +10uV (ten microvolts). A 
differential input larger than this will 
cause saturation. 

Amplifiers, filters and similar signal 
processing circuits usually avoid sat- 
uration, but other circuits, such as 
comparators and some types of oscillator 
may use large differential inputs which 
switch the op amp between positive and 
negative saturation. Saturation should 
particularly be avoided in circuits that 
must operate at a high speed because 
the op amps take longer to recover from 
saturation than to respond to signals 
within their linear operating range. 


Maximum input voltage. The 
maximum V, or V,. Like maximum 
differential input voltage, this is often 
specified in terms of the applied 
supply voltage. 


Power dissipation. This is the value 
of supply current multiplied by 
supply voltage. Power dissipation will 
increase as the power supply voltage is 
increased and if higher output currents 
are demanded from the op amp. The 
maximum power dissipation that 
can occur without causing damage 
is quoted, but this will depend on 
thermal conditions (heatsinks may 
be needed for special high power 
devices). If an op amp is available in 
more than one type of package these 
may have different power dissipation 
ratings. For special low power op 
amps, the minimum amount of power 
consumed in typical operation or no- 
signal (quiescent) conditions is often 
quoted as a selling point. 


Supply current used and maximum 
supply current. This is the current into 
the supply terminal(s) under specified 
conditions. You need to distinguish 
between figures for maximum and 
quiescent conditions. Again, as with 
power dissipation, low operational 
supply current is often quoted as a 
selling point for special low power 
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devices. Some low-power devices 
have a shutdown control that stops 
operation and reduces supply current 
to very low levels. 


Output short circuit duration. The 
length of time output can be shorted to 
ground (OV), or the supplies, without 
causing damage to the op amp. For 
many devices this is infinity due to the 
inclusion of short-circuit protection 
circuitry inside the op amp. 


Maximum peak-to-peak output swing. 
The maximum peak-to-peak output 
voltage that can be obtained without 
clipping the waveform due to saturation. 
For many devices this is very close to 
the power supply voltages. 


Rail to rail. This term can apply to 
inputs, outputs or both, and indicates 
that the op amp’s operating signal range 
is close, or equal to the supply voltage. 
This implies that the maximum input, 
common-mode and/or output voltages 
are rated at the supply voltage. 


Signal handling 

Open-loop voltage Gain (A,). This is 
the gain in the basic op amp equation 
stated above. Ideally, Ay is infinite; in 
real op amps it typically ranges from 
tens of thousands to millions. The 
gain specified on data sheets is for low 
frequency operation and op amp gain is 
deliberately made to fall as frequency 
increases to prevent instability. As we 
noted above, the very high gain means 
that the differential input voltage in 
normal operation is very small. 

Gain may be specified as a number 
eg, 100,000; as a ratio of voltages eg, 
100V/mV; or in decibels, eg, 100dB; 
(these three example gains are the 
same). The gain in decibels is found 
by taking the gain as a number, taking 
the logarithm and multiplying by 20, 
eg, 100dB = 20log(100,000). 

Although in some cases op amps 
with particularly high gains may be 
preferable, the precise value of the gain 
for individual op amps of a given type 
does not usually matter. This is because 
op amps are often used with negative 
feedback in circuits where the gain of 
the circuit depends on the external 
components and not on the gain of the 
op amp — gain just has to be large for 
the feedback components to dominate 
the circuit characteristics. This means 
that the fall in gain of the op amp with 
frequency does not affect the circuit 
until the very high frequencies at 
which the op amp’s gain becomes low. 


Common-mode rejection ratio (CMRR). 
This is the ability to reject signals 
common to both inputs — remember 
the op amp is a differential amplifier, 
so it should ignore signals which are 
the same on both inputs. Signals which 
are the same on both inputs are called 
common-mode signals — the common- 
mode input voltage is the average of 
the two input voltages, ie, (V, + V,)/2. 


The ratio of output 
change to common- 


UNDISTORTED MAXIMUM 


PEAK-TO-PEAK OUTPUT SWING / V 


mode input change A 
is called common- 
mode gain, Aq, 
Ideally this is zero. 
CMRR affects the 
ability of the op 
amp to ignore noise 
common to both 
inputs and affects 
gain accuracy in 


30-4 


some configurations. 
CMRR is particularly 
important in circuits 
processing low level 


| a 
10M LOG FREQUENCY / Hz 


Fig.2. This shows the maximum undistorted peak-to-peak out- 


signals or operating Put amplitude for a sine wave from a typical low speed general 
in electrically noisy PUrpose op amp operating on a +15V supply (actual figures 


environments. If cir- 
cuitry and wiring is 
appropriately constructed noise picked 
up from external sources will be similar 
at both op amp inputs and can be 
rejected. CMMR is given by Ay/A,,, and 
is usually stated in dB, values of 80 to 
120dB are fairly typical, but lower and 
higher values occur. 


Unity gain bandwidth (f,) or gain 
bandwidth product (GBW). The range 
of frequencies for which open-loop 
gain is greater than one. Typical values 
for general purpose devices are in the 
range of tens of kilohertz to a few 
megahertz, but may be higher — into 
the gigahertz range for special high 
frequency/high speed devices. 


Slew rate and full power bandwidth. 
Slew rate is the maximum rate of change 
of output. Slew rates are often quoted 
in volts per microsecond. For example, 
a value of 2V/us would mean that the 
time that the op amp’s output took to 
change from 0 to 5V, due to astep change 
at the inputs, would be 2.5ys. Typical 
slew rates for general-purpose devices 
are from a few hundred millivolts to a 
few volts per microsecond, but much 
faster devices are available with slew 
rates of hundreds or thousands of volts 
per microsecond. A fast device with a 
slew rate of 1200V/us could change its 
output from OV to 5V in 4.2ns. 

The easiest way to think about slew 
rate is in terms of the response time 
to step change, as illustrated by the 
above examples. However, slew rate 
also determines the maximum peak- 
to-peak undistorted output for any 
type of waveform, including pure 
sine waves. At lower frequencies the 
maximum undistorted output is usually 
determined by the power supply 
voltage, but as frequency increases 
the op amp’s output cannot move fast 
enough to ‘follow the shape’ of large 
amplitude waveforms (see Fig.2). If the 
required peak output voltage is V,, and 
the slew rate is S (in volts per second) 
the maximum frequency sine wave that 
can be output without distortion is 


f 
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would depend on the device and supply voltage used). 


For example, for 2V/us and 15V this 
is 21kHz, not a particularly high 
frequency. When V,, is the op amp’s 
maximum output fis referred to as the 
full power bandwidth. An example 
of the effect of slew rate limiting is 
shown in Fig.3, where simulations of 
a fast and slow op amp are compared. 


Power supply rejection ratio (PSRR) 
(or power supply sensitivity). This 
is the ability to prevent changes in 
supply voltage from causing changes 
in the output voltage. Changes in 
supply current, due to changes of load 
or activity in other parts of the circuit, 
cause changes in supply voltage. This 
is due to voltage drops in the supply 
wiring resistance, or internal resistance 
or lack of perfect regulation in the 
power source. PSRR is typically stated 
in decibels and defined in a similar 
way to CMRR. 


Input resistance/impedance. Common- 
mode input impedance is the effective 
impedance from either input terminal 
to ground and is ideally infinite. 
Differential Input Impedance is apparent 
impedance between the inputs (also 
ideally infinite). The input impedances 
will take the form of capacitance in 
parallel with resistance. Sometimes the 
capacitance is not considered and only 
resistance is quoted. Input capacitances 
may also be quoted separately. FET-input 
op amps have particularly high input 
resistance (eg, 107). Input impedance, 
however, is often not the main concern 
as the effective input impedance 
is increased by the use of negative 
feedback amplifier configurations. It is 
therefore bias currents which are often 
more important. 


Output impedance. The output 
voltage given by V,,, = A,(V, — V,) is 
effectively connected to the device’s 
output via a source impedance, or 
output impedance. At relatively high 
output currents (for the device in 
question) significant voltage drop may 
occur across this resistance. However, 
the effective output resistance is often 
reduced significantly when the op 
amp is used in a circuit with negative 
feedback. This is often helpful of course, 
but as signal frequencies increase the op 
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Fig.3a. (a) Simulation of an inverting am- 
plifier (with gain three). (b) Comparison 
of a fast (LT1817) and slow (LT1001) 
op amp. The top trace is the input the 
bottom trace is the output from the fast 
op amp and the middle trace is from the 
slow op amp show slew rate limiting. 


amp’s gain reduces, reducing the impact 
of the feedback and hence the reduction 
in effective output impedance. In 
some circuits the increase of output 
impedance at high frequencies may be 
important; an example of this is shown 
in Fig.4. This was discussed in much 
more depth in the EPE Nov ’11. 


Offsets and bias 

Input offset voltage (V_,). Ideally with 
a differential input of zero the op 
amp’s output should also be zero, but 
in real op amps there will typically 
be a non-zero output. The offset 
voltage is defined as the DC voltage 
which must be supplied between the 
inputs to force the quiescent (zero 
input signal) open-loop (no feedback 
resistors) output voltage to zero. The 
offset can be regarded as DC noise 
in any op amp circuit processing 
DC signals. The offset cannot be 
distinguished from the wanted signal 
and is processed by the circuit. The 
offset is typically small, but will be 
amplified by the circuit and may 
cause significant problems. 

In op amp applications in which only 
AC signals are of interest, offsets are less 
likely to be a problem as they simply 
cause a shift in operating point. Some 
op amps have offset adjustment circuits 
(see Fig.5) that allow an_ external 
trimmer potentiometer, connected to 
the appropriate pins, to be used to set 
the output voltage to zero. The problem 
with this approach is that offsets can 
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drift with time and are quite temperature 
sensitive. Low offset op amps must be 
used in circuits where good, sustainable 
DC accuracy is required. 


Temperature coefficient of input offset 
voltage. Specifies how V,, changes 
with temperature. As we noted above, 
offset changes with temperature and 
this parameter tells you by how much. 


Input bias current (I/B). Inside the op 
amp there are transistors connected 
to the inputs, these require bias 
currents, and/or there are leakage 
currents through the chip structures. 
The input bias current parameter 
tells you how large these currents 
are and is defined as the average 
current into the two inputs with the 
output at zero volts. This can vary 
greatly for different types of op amp, 
from femtoamps (10°°A) to tens of 
micoamps, with bipolar op amps 
having larger input bias currents than 
FET-input op amps. 

Bias currents flow in the external 
components connected to the op 
amp (eg, the resistors used to set the 
gain) and in doing so cause voltage 
drops. If these voltage drops are not 
equal at the op amp’s two inputs 
the difference will be amplified 
by the op amp and appear as a DC 
error at the output. This effect can 
be minimised by adding a resistor 
to one of the inputs to balance the 
resistance through which each bias 
current flows. This is illustrated 


ADJUST TO 
REMOVE 
OFFSET 


Fig.5. Offset adjustment 


1KHz 10KHz 100KHz 1MHz 


Fig.4. Simulation showing problem re- 
sulting from op amp output impedance 
in a Sallen and Key filter. (a) Schemat- 
ic. (b) The green curve is the ideal re- 
sponse; the red curve is the response of 
the filter with the real op amp. 


Fig.6. Minimising offsets due to bias 
currents 


in Fig.6. The bias current to the 
inverting input flows through R1 or 
R2, so making R3 equal to the parallel 
combination of R1 and R2 will result 
in the same voltage at the two inputs 
due to the bias currents (assuming 
the bias currents are equal). 


Input offset current (J). This is the 
difference between the currents into the 
two inputs with output at zero volts, 
that is (J;, — J.) where J,, and J,, are 
the input currents for the two inputs. 
Ideally these currents will be equal, 
but in practice they are not, so J, will 
be non-zero. The input currents have to 
flow through the external circuitry and 
will cause offsets even if the impedances 
connected to the two inputs are equal. 


Temperature coefficient of input offset 
current. This specifies how J, changes 
with temperature. 
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Mighty things from tiny chips! 

As you may recall, I’m currently having a great time 
working on my Bodacious Acoustic Diagnostic Astound- 
ingly Superior Spectromatic (BADASS) display hobby 
project. My plan is to use an 8-bit, 16MHz Arduino Mega 
microcontroller (MCU) development board (http://it. 
ly/1gEbS2r) to drive the display itself. Meanwhile, I’m 
going to use a 32-bit, 80MHz chipKIT Max32 MCU pro- 
totyping platform (http://it.ly/1uf8Tnr) to analyse the 
audio data. The great thing about the chipKIT is that it 
has the same physical footprint and input/output (I/O) 
pin mapping as the Arduino; also, their IDE’s are almost 
identical, which makes my life easy. 

My original plan was to run a digital signal processing 
(DSP) algorithm, such as an FFT (fast Fourier transform) 
on the chipKIT. But then my chum Steve Manley intro- 
duced me to a cunning little chip called the MSGEQ7, 
which is available for only $4.95 from the chaps and 
chappesses at SparkFun (http://it.ly/1jRKv3C). 

Inside the MSGEQ7 are seven band-pass filters tuned 
to 63Hz, 160Hz, 400Hz, 1,000Hz, 2,500Hz, 6,250Hz, and 
16,000Hz. Each of these filters has an associated peak de- 
tector. The clever thing is that the outputs from the seven 
peak detectors are multiplexed onto a single DATA_OUT 
pin, which allows the whole thing to be compressed into 
a tiny 8-pin dual-in-line (DIL) package. 

So the MSGEQ7 sits there happily sampling the audio 
signal coming in and working out the peak values of the 
seven frequencies (of course there is some overlap from 
one band to the next). Whenever we wish to check on 
the current ‘state of play,’ we use the digital RESET and 
STROBE signals. Personally, I think that RESET is not the 
best name, because it seems to imply a reset of the en- 
tire chip. My understanding, however, is that all it does 
is reset the internal multiplexer and latch in the current 
frequency band values. ‘But you can’t fight city hall’, as 
they say, so we’ll use the manufacturer’s terminology. A 
positive-going pulse on the RESET signal kicks every- 
thing off. Although the datasheet doesn’t actually say so, 
my impression is that this pulse takes a copy of the cur- 
rent peak detec- 
tor outputs and 
stores (latches) 
these values. 
We then apply 
seven negative- 
going pulses to 
the STROBE in- 
put. Every time 
the STROBE 
input goes low, 
we can read the 
value of one of 
the bands on 
the DATA_OUT 
signal, starting 
with the 63Hz 
value and work- 
ing our way up 


STROBE po C2 
AUDIOLIN , 22k, 100n 


ca 
100n 
VSS (0V) 


A handful of resistors and capacitors 
(and a microcontroller) are all it takes 
to get up and running 
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Max’s Cool 
Beans 


By Max The Magnificent 


to the 16,000Hz value. Speaking of which, DATA_OUT 
is an analogue value, whose magnitude reflects the value 
from the corresponding peak detector. This value can be 
read using one of the microcontroller’s analogue inputs. 


The simplest things can trip you up 

When I started this project, I ordered a PCB-mounting au- 
dio jack from one of the usual parts suppliers. I foolishly 
assumed that since this was classed as a PCB-mount, it 
would, a) have a traditional 0.1-inch pin pitch and, b) 
the pins would be long enough to use on my breadboard. 
I was wrong on both counts. I ended up bouncing back 
over to the SparkFun website and purchasing a 3.5mm 
PCB audio jack (http://bit.ly/10 ATQkH) along with an as- 
sociated breakout board (http://bit.ly/1kQYTtd). 

First of all I placed the audio jack/breakout board com- 
bo and the two MSGEQ7s, then I added the other com- 
ponents, then the wires, and finally I added the flying 
leads connecting the breadboard to the chipKIT MAX32. 
My first test involved playing a Mumford & Sons track 
through the MSGEQ7s, reading the band values into the 
chipKIT, and writing them back out again to a serial I/O 
window on my notepad PC. You can see a video of this on 
YouTube (http://youtu.be/rLsBDZgd3KQ). 

Next, I added fourteen LEDs; seven each for the left and 
right channels. I controlled these using fourteen PWM 
(pulse-width modulated) digital outputs, so the bright- 
ness of an LED reflects the amplitude of its associated 
frequency band. Just to add a little visual interest, for 
each channel I used two red LEDs for the lower frequency 
bands, three orange LEDs for the middle frequency bands, 
and two yellow LEDs for the higher frequency bands. You 
can see a video of the result in action playing Supertramp 
on YouTube (http://youtu.be/qJyX3S9CmDc). 

I must admit that I’m really rather pleased with the re- 
sult. This is only a small step on the way to the full-up 
BADASS display, but the fact that everything worked the 
first time brought a great big beaming smile to my face. 
If you are interested in doing this yourself, I’ve written a 
step-by-step guide that explains everything in excruciat- 
ing detail! (http:/Albm.io/VXKuau). Until next time, have 
a good one! 
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e pause the series this month to talk about the 
Wy kisser website, and how we brought the LPLC 
development board to life. 

Unless you have been living on a desert island these last 
few months, you will be aware of our adventures in Kick- 
starter land, but for those who aren’t familiar and for the 
purposes of completeness we will start this story from the 
very beginning. 

It all began back in January of this year when a reader of 
the Pic n’ Mix column contacted the magazine, asking if he 
could purchase a development board rather than make one 
himself. Our reaction at the time was ‘well, we would need 
about one hundred other people to be interested to get the 
component and board costs down. Manufacturing a board 
for one or two people just wouldn't be cost effective.’ 

And then the penny dropped. This is exactly what Kick- 
starter is for! 


What is Kickstarter? 

Launched early in 2009, the Kickstarter website was devel- 
oped by a group of friends who wanted to help music bands 
and other creative groups secure funding for gigs, shows, 
films and similar projects requiring a large up-front com- 
mitment. It works by providing a platform to promote the 
idea — the Kickstarter website — and asking people to commit 
financial support. A group would say, ‘We need £10,000 to 
make this film, back us with a £10 donation and you will 
received a DVD of the film once it is made.’ People register 
their credit card details, and only if the required amount has 
been pledged within the selected timeframe (generally 30 to 
60 days) will their cards be debited. If the pledges fall short — 
even by a single penny — then the project is cancelled, and no 
funds are debited. That aspect can be a bit harsh, but it makes 
sense — if you say you need £10,000 pounds to make it hap- 
pen, then it’s that amount or nothing. Project funding ‘runs’ 
for the full length of the time specified, even if it reaches 
its required funding level early. Many successful projects ex- 
ceed their funding goals, some of them significantly. 
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KICKSTARTER 


LPLC - Low Power, Low Cost PIC18 Development Board 


by Mike Hibbett 


191 


backers 


£4,225 


pledged of £1,100 goal 


LPLC Board; A powerful, low cost, ultra low power 
microcontroller development board with template software and 
online tutorials. 


Pledge £4 or more 


Fig.1. Kickstarter project page 
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Although originally launched for the arts, Kickstarter 
has found significant interest in technology and product 
manufacturing areas. It’s no surprise; much of the costs in- 
volved in product manufacture are up-front non-recurring 
expenses to pay for project specific tooling, and with PCBs 
in particular, the price for 200 boards is only a few pounds 
different to 600. 

There have been some amazing products developed 
from an initial Kickstarter project; two notable ones are the 
‘Pebble Smart Watch’, which asked for 100 thousand USD 
but received 10 million, and the ‘Oculus Rift’ virtual real- 
ity headset, which asked for 250 thousand USD, received 
2.5 million USD, but were then bought by Facebook for 
an astonishing two billion USD. Kickstarter has seen over 
65,000 projects successfully funded, and in the five years 
they have been operating over one billion USD has been 
pledged. Clearly, there’s gold in them hills! 

Our project was somewhat more modest; we asked for 
one thousand pounds (100 boards, selling for 10 pounds 
each) and received just over four thousand pounds for a to- 
tal of 430 boards. It was just about the perfect quantity; large 
enough to make the costs reasonable, and small enough to 
avoid assembly being a complete nightmare. Had the quan- 
tities been much higher we would have been forced to sub- 
contract out the assembly and delivery, which would have 
made the project far more complicated. 


How does it work? 

Each submitted project gets its own page on the Kickstarter 
website, with a description of the project, a clear statement 
of the objectives and funding required, a video presentation 
and a list of the various and unique pledge levels the proj- 
ect is offering. A pledge is a simple ‘Pay this much, and you 
will receive this reward in return.’ It can vary from as little 
as ‘our sincere thanks’ to one or more products. A project 
may have as many or as few pledge levels as the creators 
wish. You can see our project’s page in Fig. 1 and the ulti- 
mate goal, the LPLC board, in Fig.2. 


Fig.2. What we were making 
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The web page provides an indication of funding prog- 
ress, and holds updates posted by the project creators. A 
pledge may be withdrawn right up until the final seconds 
of the project funding period, and funds are only taken from 
the credit card if the minimum amount required has been 
raised. Kickstarter takes an approximate 10% cut in the full 
funding collected, then passes the remaining amount on to 
the project creators. 

At this point, Kickstarter withdraws from the proceed- 
ings and the responsibility lies with the project team to take 
that money and use it to deliver the rewards. There is no 
easy way to get your money back if the project team ‘do a 
runner’, and this has happened on occasion. It’s for this rea- 
son that it is important to develop your credibility with the 
audience, through good update reports and responding to 
questions, otherwise people may not wish to take the risk, 
even if the amount pledged is relatively small. Fortunately 
for us, the Pic n’ Mix column and the connection to the 
magazine provided a degree of ‘technical authority’ and re- 
spectability, but only among the readership. We still had to 
work hard providing regular updates. 

Kickstarter provides some great statistics for the project 
creators and in particular the funding progress graph, as 
shown in Fig.3, gives some interesting insights into the way 
projects get funded. In the first few days there is a flurry 
of interest as the people who already know that you are 
running the project — family members, friends, colleagues 
— chip in and help you out. A little like when you were do- 
ing a sponsored walk as a kid. In the mid term, there is the 
slow organic progress as new people wander across your 
project. There are the odd upward blips, and one in par- 
ticular that we can attribute to our own Max Maxfield when 
he promoted the project on his blog. (Max has also run his 
own successful Kickstarter recently.) Things heat up in the 
final hours, as Kickstarter promotes the project in an ‘End- 
ing Soon!’ category, which meant that pledges come in right 
up to the final seconds. 

Projects that near their completion date (especially ones 
that have already past their funding level) attract interest 
from the technical media, and there are several websites 
which have been set up to simply re-broadcast the details 
of your project automatically. It’s a cheap and easy way to 
create content for websites, and provides valuable further 
promotion of your project. 


Rules, rules, rules 
Surprisingly, Kickstarter is only open to creators who are 
residents of UK, USA, Canada, Netherlands, Australia or 
New Zealand. Even now, six months after starting a Kick- 
starter project we still have no idea why this is the case. 
There are strict rules on what projects may and may not be 
submitted (no weapons, for example) and until recently an 
odd rule (which we fell foul of) was that you are ‘not per- 
mitted to offer multiples of rewards’ — but everyone worked 
around this rule, by offering cleverly worded rewards. 
Kickstarter has now backed down on this and you may offer 
multiple quantities of a reward, ideal for hardware projects. 
A creator is free to cancel a project at any time, but you 
cannot stop a project once it has reached its funding level — 


Funding progress 


you have to keep it going till the end if you want to receive 
the funds. 


Project launch 

Kickstarter makes creating the project page a breeze, but 
there is one requirement that made our blood run cold — the 
project video. Now there are some very slick project videos, 
and those are great if you have a few thousand pounds spare 
to spend on a graphic artist and video production company. 
For the rest of us, it’s a HandyCam, AutoCue software and 
a huge dose of courage. Our video took five attempts, with 
the words sounding more and more insincere with each 
recording. Despite all efforts, the effect is still like a rab- 
bit looking into headlights. The website reports that only 
39% of people who watched the video played it all the way 
through. We weren’t one of them! 

Kickstarter used to require (and no longer do) that a proj- 
ect be vetted before approved for launch, and this could 
take up to two weeks. So it came as a surprise one Friday 
evening when the ‘You're good to go!’ email arrived from 
the Kickstarter team a week early. It was 9pm, and in our 
excitement we launched the project immediately, spew- 
ing out promotional emails, blog posts, texts and instant 
messages. There was a wave of responses which kept us 
busy until 2am, continuing through the following day. Each 
pledge placed triggers an email message to the project cre- 
ator and each morning we woke and excitedly reviewed the 
overnight tally. It was an incredibly exciting time, wonder- 
ing just how popular this project was going to be, organ- 
ising manufacturing partners and exchanging emails with 
people from all over the world (we shipped to 38 countries 
in the end). After a week, things started to quieten down, 
with Friday evenings and the weekend appearing to be the 
more popular times for pledges. Presumably, that’s the time 
when most people are free to access the Internet. 


Promoting your project 

Having a regular column in a magazine helped enormous- 
ly with promoting the project, both in terms of getting the 
word around, and direct interest in purchasing boards. It 
was still essential to provide regular updates, however, and 
in the 40 days that the project ran for we posted 15 updates, 
some of them video blogs. We spoke about the progress se- 
curing manufacturing, ideas for use of the board and in- 
troduced new pledge levels. Feedback from people helped 
‘tweak’ the design. 

There is a strong correlation between posting updates 
about your project and getting increased support. We did 
a very simple update one evening, showing the new pro- 
totype board, and immediately someone increased their 
pledge to one of the more expensive options — presumably 
as our feedback was demonstrating the project was real, and 
not a scam or badly planned and unachievable. Several oth- 
ers followed suit in the following hours. We also added fur- 
ther pledge options (imaginative methods offering multiple 
boards) and those were quickly taken up. 

Offering ‘Early Bird’ pledges, where people get a proto- 
type earlier on, increases the interest and carries something 
of a premium. It also helps you test the manufacturing pro- 
cesses. You can see our ‘Early Bird’ 
products ready for shipping in Fig.4. 

It’s important to keep the pledge 
options simple, and to focus on the 
objective — you are seeking funding to 
make the project possible, not simply 
setting up shop. If you ask for 100,000 
pounds to make a PCB with a micro- 
controller on it, you are not going to 
be successful. Ask for a few thousand 
pounds so you can order in bulk, and 
you might have a chance. Plus, once 
successfully funded, you attract fur- 
ther support from people who now 


Fig.3. Graph of pledges over time 
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know your project will happen. It 
pays to keep things simple. 


Delivering 

Despite all the preparation and fore- 
sight, the real work started once the 
funds arrived. Because the volumes 
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Fig.4. Early Bird boards ready to go 


were not large, assembly and packaging was done manu- 
ally — it took a full weekend, over 25 hours in total. At the 
end, all we had to show for the design, prototyping, video 
creation, label sticking and a thousand other tasks was a 
neat but heavy post bag shown in Fig.5, filled with over 
400 PCBs. 


Conclusion 

To answer the obvious and crude question ‘did you make 
any money’’, the answer is ‘Yes, but we would have earned 
more delivering newspapers.’ To the question ‘would you 
do it again’ the answer is ‘Yes!’, because it was enormous 
fun and a huge learning experience. What we have learnt 
will help make the next project be more efficiently execut- 
ed, and the project after that one might actually be profit- 
able. The project after that - who knows, perhaps Face- 
book will buy it for a couple of billion USD. If they do, we 
might write another article! 


Fig.5. All done, 
time to ship 


It’s also been hugely rewarding seeing people derive plea- 
sure from something you have created, and at the end of the 
day, we have come full circle back to Pic n’ Mix — giving 
pleasure to others. 

We will leave you with a link to a YouTube video show- 
ing off the board (and the owners!) capabilities. 


www. youtube.com/watch?v=MjoW6 gEbiCY 
Not all of Mike’s technology tinkering and discussion 


makes it to print. You can follow the rest of it on Twitter at 
@MikeHibbett, and from his blog at mjhdesigns.com 
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EPE |S PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS 


TEACH-IN 2 


ELECTRONICS TEACH-IN 2 CD-ROM 

USING PIC MICROCONTROLLERS A PRACTICAL 
INTRODUCTION 

This Teach-In series of articles was originally published 
in EPE in 2008 and, following demand from readers, has 
now been collected together in the Electronics Teach-In 2 
CD-ROM. 

The series is aimed at those using PIC microcontrollers 
for the first time. Each part of the series includes breadboard 
layouts to aid understanding and a simple programmer 
project is provided. 

Also included are 29 PIC N’ Mix articles, also 
republished from EPE. These provide a host of practical 
programming and interfacing information, mainly for 
those that have already got to grips with using PIC 
microcontrollers. An extra four part beginners guide to using 
the C programing language for PIC microcontrollers is also 
included. 

The CD-ROM also contains all of the software for the 
Teach-In 2 series and PIC N’ Mix articles, plus a range 
of items from Microchip — the manufacturers of the PIC 
microcontrollers. The material has been compiled by 
Wimborne Publishing Ltd. with the assistance of Microchip 
Technology Inc. 


Order code ETI2 CD-ROM £9.50 


CD-ROM 


ELECTRONICS 
TEACH-IN 3 


ELECTRONICS TEACH-IN 3 CD-ROM 


The three sections of this CD-ROM cover a very wide range of 
subjects that will interest everyone involved in electronics, from 
hobbyists and students to professionals. The first 80-odd pages 
of Teach-In 3 are dedicated to Circuit Surgery, the regular EPE 
clinic dealing with readers’ queries on circuit design problems 
— from voltage regulation to using SPICE circuit simulation 
software. 

The second section — Practically Speaking — covers the 
practical aspects of electronics construction. Again, a whole 
range of subjects, from soldering to avoiding problems with 
static electricity and indentifying components, are covered. 
Finally, our collection of Ingenuity Unlimited circuits provides 
over 40 circuit designs submitted by the readers of EPE. 

The CD-ROM also contains the complete Electronics 
Teach-In 1 book, which provides a broad-based introduction 
to electronics in PDF form, plus interactive quizzes to test your 
knowledge, TINA circuit simulation software (a limited version — 
plus a specially written TINA Tutorial). 

The Teach-In 1 series covers everything from Electric Current 
through to Microprocessors and Microcontrollers and each part 
includes demonstration circuits to build on breadboards or to 


simulate on your PC. 
Order code ETI3 CD-ROM x:#210) 


CD-ROM 


ELECTRONICS TEACH-IN BUNDLE - 


SPECIAL BUNDLE PRICE £14 FOR PARTS 1, 2 & 3 


CD-ROMs 


Order code ETIBUNDLE 


Bundle Price £14.00 


ELECTRONICS 


TEACH-IN 4 


ELECTRONICS TEACH-IN 4 CD-ROM 


A Broad-Based Introduction to Electronics. 
The Teach-In 4 CD-ROM covers three of the most important 
electronics units that are currently studied in many schools and 
colleges. These include, Edexcel BTEC level 2 awards and the 
electronics units of the new Diploma in Engineering, Level 2. 
The CD-ROM also contains the full Modern Electronics 
Manual, worth £29.95. The Manual contains over 800 pages 
of electronics theory, projects, data, assembly instructions 
and web links. 
A package of exceptional value that will appeal to all those 
interested in learning about electronics or brushing up on 
their theory, be they hobbyists, students or professionals. 


Order code ETI4 CD-ROM BRs:%:f) 


CD-ROM 


FLOWCODE & 


Now you can develop complex electronic and electromechanical systems with ease 


Flowcode is one of the world’s most advanced environments for 
electronic and electromechanical system development. Engineers 
use Flowcode to develop systems for control and measurement 
based on microcontrollers, on rugged industrial interfaces or on 
Windows compable personal computers 
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PiCmicro TUTORIALS AND PROGRAMMING 


PiCmicro Multiprogrammer 
Board and Development Board 


Suitable for use with the three software packages 


listed below 


This flexible PICmicro microcontroller programmer board and 
combination board allows students and professional engineers 
to learn how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40 pin devices from the 12, 16 
and 18 series PICmicro ranges. For experienced programmers 
all programming software is included in the MLoader utility that 
is free to download when you buy the multiprogrammer board. 
For those who want to learn, choose one or all of the packages 


below to use with the hardware. 


e Makes it easier to develop PlCmicro projects 

e Supports low cost Flash-programmable PlCmicro devices 

e Fully featured integrated displays — 16 individual LEDs, quad 
7-segment display and alphanumeric LCD display 

e Supports PlCmicro microcontrollers with A/D converters 

e Fully protected expansion bus for project work 


e USB programmable 


e Compatible with the E-blocks range of accessories 


ASSEMBLY FOR PiCmicro 
V5 


(Formerly PiCtutor) 

Assembly for PlCmicro microcontrollers V3.0 
(previously known as PICtutor) by John Becker 
contains a complete course in programming the 
PIC16F84 PlCmicro microcontroller from Arizona 
Microchip. It starts with fundamental concepts 
and extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 

The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro microcontroller, this 
is a simulation tool that allows users to write and 
execute MPASM assembler code for the PIC16F84 
microcontroller on-screen. Using this you can 
actually see what happens inside the PlCmicro 
MCU as each instruction is executed, which 
enhances understanding. 

e@ Comprehensive instruction through 45 tutorial 
sections @ Includes Vliab, a Virtual PlCmicro 
microcontroller: a fully functioning simulator @ 
Tests, exercises and projects covering a wide 
range of PlCmicro MCU applications @ Includes 
MPLAB assembler @ Visual representation of a 
PlCmicro showing architecture and functions e 
Expert system for code entry helps first time users 
@ Shows data flow and fetch execute cycle and has 
challenges (washing machine, lift, crossroads etc.) 
@ Imports MPASM files. 


SESREIGIEEE EO 


PRICES 


Prices for each of the CD-ROMs above are: 
See previous page for Flowcode Hobbyist/Student prices 
(Order form on next page) 


(UK and EU customers add VAT to ‘plus VAT’ prices) 


HARDWARE 


£167 including VAT and postage, supplied with USB 


SOFTWARE 


‘C’ FOR 16 Series PiCmicro 


Version 5 

The C for PlCmicro microcontrollers CD-ROM is 
designed for students and professionals who need 
to learn how to program embedded microcontrollers 
in C. The CD-ROM contains a course as well as all 
the software tools needed to create Hex code for a 
wide range of PlCmicro devices — including a full 
C compiler for a wide range of PICmicro devices. 

Although the course focuses on the use of the 
PilCmicro microcontrollers, this CD-ROM will 
provide a good grounding in C programming for 
any microcontroller. 

@ Complete course in C as well as C 
programming for PlCmicro microcontrollers @ 
Highly interactive course @ Virtual C PlCmicro 
improves understanding @ Includes a C compiler 
for a wide range of PlCmicro devices @ Includes 
full Integrated Development Environment @ 
Includes MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a compiler for 
all the PICmicro devices. 


items: Pentium PC running, 2000, ME, 
XP; CD-ROM drive; 64MB RAM; 10MB 


hard disk space. 
Flowcode will run on XP or later 
operating systems 


cable and free to download programming software 


FLOWCODE FOR PiCmicro 
V6 (see opposite page) 
Flowcode is a very high level language programming 
system based on flowcharts. Flowcode allows you to 
design and simulate complex systems in a matter of 
minutes. A powerful language that uses macros to 
facilitate the control of devices like 7-segment displays, 
motor controllers and LCDs. The use of macros allows 
you to control these devices without getting bogged 
down in understanding the programming. When used 
in conjunction with the Version 3 development board 
this provides a seamless solution that allows you to 

program chips in minutes. 


@ Requires no programming experience 

@ Allows complex PlCmicro applications to be 
designed quickly 

e Uses international standard flow chart symbols 

@ Full on-screen simulation allows debugging and 
speeds up the development process. 

®@ Facilitates learning via a full suite of 
demonstration tutorials 

@ Produces ASM code for a range of 18, 28 and 
40-pin devices 

® 16-bit arithmetic strings and string manipulation 

@ Pulse width modulation 

e@ 12C. 


Features include panel creator, in circuit debug, 
virtual networks, C code customisation, floating 
point and new components. The Hobbyist/Student 
version is limited to 4K of code (8K on 18F devices) 


HobbyistStudentis. sci. .acaccmenisenssecmnaceceraeies £58.80 inc VAT 
Professional (Schools/HE/FE/Industry)............ £150 plus VAT 
Professional 10 user (Network Licence) ........... £499 plus VAT 
SITS EI CO MOO oy eee ermste es aie lease ete vere ce ase aneneicvensvetioks £999 plus VAT 
Flowcode 10 user (Network Licence).............. POA plus VAT 
Flowcode Site Licence ............0..0..0000005 POA plus VAT 
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CIRCUIT WIZARD 


Circuit Wizard is a revolutionary software system that 
combines circuit design, PCB design, simulation and 
CAD/CAM manufacture in one complete package. 
Two versions are available, Standard or Professional. 


By integrating the entire design process, Circuit Wizard provides 
you with all the tools necessary to produce an electronics project 
from start to finish — even including on-screen testing of the PCB 
prior to construction! 


* Circuit diagram design with component library (500 components 
Standard, 1500 components Professional) * Virtual instruments 

(4 Standard, 7 professional) * On-screen animation * Interactive 
circuit diagram simulation * True analogue/digital simulation 
* Simulation of component destruction * PCB Layout * Interactive 
PCB layout simulation * Automatic PCB routing * Gerber export 
* Multi-level zoom (25% to 1000%) * Multiple undo and redo 
* Copy and paste to other software * Multiple document support 


This software can be used with the Jump Start and 
Teach-In 2011 series (and the Teach-In 4 book). 


Standard £61.25 inc. VAT Professional £91.90 inc. VAT 


CD-ROM ORDER FORM 


Version required: 

O Hobbyist/Student 

O Professional 

O Professional 10 user 
O Site licence 


Please send me: 


C1 Assembly for PlCmicro V5 
LX ‘C’ for 16 Series PlCmicro V5 


C1 Flowcode for PlICmicro V6 (DOWNLOAD ONLY) 
LI Flowcode for AVR V6 (DOWNLOAD ONLY) 

C1 Flowcode for ARM V6 (DOWNLOAD ONLY) 

C1 Flowcode for dsPIC V6 (DOWNLOAD ONLY) 

LI Flowcode for PIC24 V6 (DOWNLOAD ONLY) 

0 Flowkit 


Note: The software on each version is the same, only the licence for use varies. 


pc cD-ROM | 


Version required: 
O Chip pack (Hobbyist/Student) 
O Pro pack (Schools/HE/FE/Ind.) 


LO PilCmicro Multiprogrammer Board and Development Board V4 (hardware) 


GCSE; 
ELECTRONICS 


Suitable for any student who is serious about studying and 
who wants to achieve the best grade possible. Each program's 
clear, patient and structured delivery will aid understanding of 

electronics and assist in developing a confident approach to 
answering GCSE questions. The CD-ROM will be invaluable to 
anyone studying electronics, not just GCSE students. 


* Contains comprehensive teaching material to cover 
the National Curriculum syllabus * Regular exercises 
reinforce the teaching points * Retains student interest 
with high quality animation and graphics * Stimulates 
learning through interactive exercises * Provides sample 
examination ques-tions with model solutions * Authored 
by practising teachers * Covers all UK examination board 
syllabuses * Caters for all levels of ability * Useful for self- 
tuition and revision 


Electric Circuits — Logic Gates — Capacitors & Inductors — Relays 
— Transistors — Electric Transducers — Operational Amplifiers — 
Radio Circuits — Test Instruments 


Over 100 different sections under the above headings 
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£12.50 inc. VAT and P&P 


Minimum system requirements for these CD- 
ROMs: Pentium PC, CD-ROM drive, 32MB 
RAM, 10MB hard disk space. Windows 2000/ 
ME/XP, mouse, sound card, web browser. 


ORDERING 
ALL PRICES INCLUDE UK 


POSTAGE 


Student/Single User/Standard/Hobbyist 
Version price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 


Professional, Multiple User and _ Site 
License Versions — overseas readers add 
£5 to the basic price of each order for airmail 
postage (do not add VAT unless you live in an 
EU (European Union) country, then add VAT 
at 20% or provide your official VAT registration 


O Circuit Wizard - Standard O Teach-In 2 

O Circuit Wizard — Professional : Leila , nur) 

EPOter Eieetranics O Teach-In Bundle Send your order to: 

: Direct Book Service 

Ped PANN nla a hee arecctests vatayoys dt nha re tcacalRevasta tes efeyss at ate cae eltalade papyie elastase hactoataadeuestata a elaiees Wimborne Publishing Ltd 

YANO | 0 | = \c\= asa a ee 113 Lynwood Drive, Merley, 
Ml Wace beta ate onnea dian POSt COdGi i scisccein vec mands TOLING Fscsraseczacesnansisnesspn a Sage Wimborne, Dorset BH21 1UU 
1 To order by phone ring 
Ia : 
. DIQMAIUIE? hse poe deine ieee Ge eada wide OEE neee eee 01202 880299. Fax: 01202 843233 
«t Ol enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for£......... 1 Goods are normally sent within seven days 
: CO Please charge my Visa/Mastercard/Maestro:£.......... : E-mail: orders@wimborne.co.uk 
1 Valid From:.......... Card expiry date:............. 1 Online shop: 
WG ANGING 23 yee aerate ne okra sats cheaien acm aays straints Maestro Issue No. ......... : 
: Card Security Code.......... (The last 3 digits on or just under the signature strip) ii www.epemag .com 
hmm eee ee eee eee eee eee eee ee eee ee ee eee eee eee ee 
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PicoScope 
BGsO)S Gl lulu) SG.@ IES 


Programmable Electronics 


Upgrade your Programmable Electronics to the Next Generation 
with 
TinyDuino 
As powerful as the Arduino Uno but smaller than a 2 pence coin. 


For every application there’s a PicoScope All the power of the Arduino in a fraction of the space, great 
‘ for building intelligence in to your projects. 
¢ Bandwidth from 5 MHz to 1 GHz swremmc snes Complete with a wide and growing range 


of TinyShields - where will your next 
project take you? 


¢ Sampling from 10 MS/s to 5 GS/s 
¢ Memory from 8 ks to 2 GS 


Move up to the Next Generation! 


Fantastic for schools especially D&T and 
PICOSCOPE Computing, meets the new requirements 
6000 SERIES oR-ao As an authorised reseller with an educational and 


Ultimate performance, training focus we can support all aspects of this 
' outstanding piece of kit! 
now USB 3.0 oe 


Get yours today via our eShop 
PICOSCOPE 


s n — yy 
5000 SERIES LCSAT 


Flexible resolution [ www.eshop.icsat.co.uk 


oscilloscopes 


PICOSCOPE 


en \ est CRICKLEWOOD 
high resolution Jae? ELEC TRO NIC S 


Established 1981 


Frustrated with your supplier? 
Visit our component packed 
website for a vast range of 
parts - old and new, 

many unavailable elsewhere! 
www.cricklewoodelectronics.com 


1000’s OF PRICES REDUCED! 


PICOSCOPE 
3400 SERIES 


High-performance 
oscilloscopes 
Alternatively phone us on 


020 8452 0161 with your 
requirements. 


RAAARARARAARARAN 


SNe NO ee NON ANN 


ALL MODELS INCLUDE FULL SOFTWARE AND 5 YEAR WARRANTY. 
SOFTWARE INCLUDES MEASUREMENTS, SPECTRUM ANALYZER, SDK, 
ADVANCED TRIGGERS, COLOR PERSISTENCE, SERIAL DECODING 
(CAN, LIN, RS232, IC, IS, FLEXRAY, SPI), MASKS, MATH CHANNELS, 

ALL AS STANDARD, WITH FREE UPDATES. Visit our Shop, Call or Buy online at: 


www.cricklewoodelectronics.com 


www.picotech.com/PS234 Hioplorcviselellahes coe 


London NW2 3ET 
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by Alan Winstanley 


A smarter fridge 


I: often do you rummage through the fridge 


looking for something that you swear is stashed 

away, but you can’t find it? It’s a sandwich disaster 
— you’re fresh out of bacon again! In July’s Net Work, I 
mentioned the Amazon Dash, a prototype barcode-capturing 
or voice-recognition wand that’s on trial in the US. It allows 
consumers to order everyday staples and fresh food direct 
from Amazon by scanning a code or speaking the product 
name. The item is then added to an Amazon account for 
effortless delivery to the door. The replenishment of goods 
this way obviously needs human intervention because a 
larder or refrigerator cannot know about changes in stock 
levels given that no stock movement data is captured 
directly. We haven’t reached the point where barcodes are 
scanned and goods are checked in or out when someone 
raids the fridge — not yet anyway. Added to which, it’s 
unlikely anyone wants to control his or her life down to 
such a minute level. 

However, if you want to keep an eye on the refrigerator 
then the next best thing may be round the corner thanks to 
LG HomeChat, another example of what life may become 
in a fully-connected world. South Korea’s LG has a vision 
of premium domestic appliances that can ‘talk’ to users 
via intelligent mobile messaging, somewhat like a text- 
messaging system. Thanks to the popular LINE messaging 
app, LG’s smart appliances will be able to understand 
simple conversation and respond accordingly. A demo 
video is available at http://youtu.be/PplAymrvOhA. The 
LG Smart Refrigerator claims to be the first appliance of its 
type to have a wide-angle camera system mounted inside 
at the top of the main compartment. It is said to detect the 
opening and closing of the door and captures an image of 
the refrigerator contents when the door was last opened. 
The HomeChat messaging system means the fridge could be 
interrogated in plain English, so the users know what they 
need to buy when they next visit the grocery store. 


LG HomeChat 


Fri, Jan 3 


> <a 


er 3 bottles available 


LG HomeChat uses a messenger-style app to communi- 
cate intelligently with smart appliances 
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Say ‘cheese’! — LG’s Smart Refrigerator has an internal cam- 
era that photographs the contents when the door is opened, 
to help with re-stocking 


Smart, fresh and healthy! 

More network-related benefits offered by the LG Smart 
Refrigerator include Smart Manager, which lets users check 
the contents without opening the door, and a Freshness 
Tracker to help maintain food freshness, mindful of expiry 
dates. A Health Manager app can also suggest recipes and 
daily or weekly plans to help users meet their individual 
nutrition goals. The LG SmartLightWave oven is a Wi-Fi 
microwave that can be messaged on the way home. The app 
will suggest recipes, and it will set up the oven for cooking: 
no more twiddling with timers and power level switches. 
Even the days of the recipe book may be numbered, as the 
app will offer new recipes when they become available. 

So far, LG offers a HomeChat refrigerator, oven and 
American-style washing machine to its South Korean 
customers, and they expect to launch in the US and 
elsewhere further down the road. More of this kind of 
technology is to be expected from a country that has 
recently launched 225Mbps broadband on a 4G network. 


LG’s HomeChat-compatible fridge, microwave and washing 
machine 
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A tangled web 

During a visit to a large retail chain’s head office, I noticed 
in the reception area a prominent notice to the workforce 
regarding their use of social media. It reminded staff not 
to post defamatory statements (on, for example, Facebook) 
that could damage the company’s reputation or otherwise 
breach their terms of employment. More recently, a 
group of steelworkers was sacked for posting disparaging 
remarks about their employer online, and not even union 
intervention could save them. The union reported that the 
workers were unaware of the seriousness of their actions 
and had learnt a very expensive lesson. 

The same could be said of the myriad of Internet users 
who post thoughtless or malicious reviews about a product, 
service or supplier without so much as a second thought. 
After all, it’s at arm’s length and no-one can do anything 
about it, right? Everyone has the right to post a personal 
opinion — provided it does not cost them their job or 
get them arrested — but posting malicious comments or 
untruths masquerading as pseudo-facts can cause untold 
damage to the targets of their vitriol. It can also backfire 
badly on the poster. 


Reputation management 
In another example of a malicious review, a woman posted 
an untrue comment on a Google Local (as it was then 
known) business website, claiming that a fashion store had 
treated her so roughly that she nearly ‘broke her ankle’. 
Unfortunately, this untrue ‘review’ was firmly nailed at No. 
1 in Google’s ranking system, becoming the first thing that 
web surfers saw if they googled for the store, and I was asked 
to deal with it. Believing that such irresponsible remarks can 
be posted online with impunity is unfortunately a sad sign 
of the times; nevertheless, after researching certain aspects 
including usernames and writing styles, I was able to join 
up some dots and locate the culprit’s Facebook page. We 
backtracked to the store’s appointments book and everything 
fell into place. The customer had supplied an email address, 
which duly granted us permission to contact her. I can only 
imagine the poster’s feelings when a terse email landed out of 
the blue in her inbox, and the malicious review disappeared 
a few minutes later. This type of firefighting work is in 
regular demand and a new segment of ‘online reputation 
management’ has been created as a result. 

A local police officer explained to me that the police now 
receive numerous complaints about Facebook or Twitter 
abuse, and he wondered how the local constabulary was 
expected to deal with that. The UK police’s professional 
body, the College of Policing, claims that up to half of a 
police officer’s daily workload may relate to complaints 
made online, including abuse and threats made 
on Facebook, Twitter and other social media. 
The police are struggling with this drain on 
resources and they have to decide whether a 
criminal act has been carried out or whether it’s 
a simple playground squabble that spilled out 
into the (virtual) street. 

Existing legislation already covers many 
forms of online abuse, but one problem is 
finding the perpetrator, and this may be 
impossible without intervention from the law 
enforcement agencies. In a further example, 
a woman complained that personal videos 
had been posted online and she wanted to 
find out who was responsible. Such acts of 
revenge by jilted partners are illegal in the 
US, but (currently) not in Britain. In the 
meantime, without police help the victim 
would be on her own in trying to find the 
culprit. Even after locating the website 
host, which could be anywhere in the 
world, no ISP will reveal usage data from 
their server logs without a court order, 


Settings 


My Accounts 


Device 
Voice 


Help & Feedback 


per hour, costs were estimated at £3,000 ($5,100) to both 
locate the server and, assuming it’s in Britain, obtain a court 
order to reveal the culprit’s IP address. More effort would 
be needed to translate an IP into a physical address, which 
might need another court order. If the ISP is located overseas, 
then life becomes more difficult and expensive. Faced with 
these obstacles, the victim had no hope of proving ‘who 
dunnit.’ There is now a call in the UK to change the law to 
recognise this type of revenge crime. 

The matter of a worker’s right to post opinions on 
Facebook works both ways though, as a legal case in 2012 
highlighted. A Christian Facebook user posted in his own 
status page that he did not entirely approve of the subject 
of gay marriage, and this was duly fed back to his employer, 
a UK housing authority that demoted him as a result. The 
High Court decided that he had been entitled to express 
his own personal views, and it was the recipients of these 
views — some Facebook ‘friends’ who reported him to 
his employer — who had opted into receiving them. His 
employer was deemed wrong to punish him. 

In Germany and some US states, it is already illegal for 
employers to snoop on personal social media pages this way, 
but the implications that arise when individuals express a 
private opinion in public is something that many have yet 
to come to terms with, as the above-mentioned steelworkers 
found to their cost. 


Amazon Fire phone 
Hard on the heels of its successful Fire 
tablet range, Amazon has entered 
the mobile phone market with its 
new Amazon Fire smartphone. Their 
Android-based phone has a 4.7-inch 
HD screen and 13MP camera with 
image stabilisation. Amazon offers 
free cloud storage for all Amazon 
content and all photos taken with the 
Fire phone, with apps downloadable 
direct from the Amazon App store. 
Amazon’s ‘Firefly’ technology is 
included — an optical character and 
image recognition package that will 
scan and ‘read’ printed text on posters 
or business cards, as well as read 
printed URLs and launch websites. 
Firefly also promises to recognise 
music and return information about the 
artist or album, and do the same with 
movies and TV episodes, summarising 
the cast and details of an episode. 
Built-in Dolby Digital Plus 
improves music reproduction. 
The phone’s 


consumer ff ‘ 
including disks, books recognition function 

and everyday items. By using the Firefly’s visual 
search as a scanner, products can be added to a 
Wish List or ordered direct from Amazon, which 
will streamline routine shopping even more. For 
example, a CD cover or magazine could be scanned 
for adding to a shopping cart, or a QR code could 
be scanned the same way. Last, Amazon’s Mayday, 
the live video support service first seen on the 
Fire tablet, is also provided in the Fire phone and 
it promises to answer within 15 seconds. Amazon’s 
Fire phone launched in July in the US, but whether it 
will arrive in the UK is not yet clear. If it does, then I 
would expect a Christmas 2014 or Easter 2015 launch 
in the UK. 

Next month, IT’ll discuss more advance in 


and if it’s located in Russia or China Online video assistance forAm- the Internet of Things (IoT) as more networked 
then you can probably forget it. With azon Fire smartphone users is products arrive on the market. You can email the 


British lawyers charging £250 ($425) provided by Mayday Help 
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author at: alan@epemag.demon.co.uk 
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Firefly function also Amazon's forthcoming Fire 
claims to recognise $Martphone is Android-pow- 
morethan100million ¢fed and includes Firefly, a 
products, powerful image and product 


DIRECT BOOK SERVICE 


AN INTRODUCTION TO THE NEXUS 7 


This book is intended for the new user of the Nexus 7, al- 
though much of it will also apply to the Nexus 10. It is easy to 
understand being written in plain English and avoiding techni- 
cal jargon wherever possible. 


Among the many useful topics covered are: An overview of the 
main features of the Nexus 7; setting up the Nexus 7; charg- 
ing the battery; connecting to the Internet and signing up for 
Gmail; touch-screen operation and navigating around the vari- 
ous screens; installing Apps from the Google Play Store; set- 
ting a password and other precautions to keep your files safe; 
connecting accessories such as a USB Drive, mouse and key- 
board; enjoying entertainment such as eBooks, games, mu- 
sic and videos; searching the Internet, including speaking in 
keywords; using e-mail, Skype and social networking; install- 
ing the free Google Drive app to save your documents in the 
cloud; using Google Docs free word processing and spread- 
sheet software; printing a document using Google Cloud Print, 
Exporting Nexus 7 files to laptop and desktop computers; and 
much more besides.... 


Even if you are a complete beginner, this book will help you 
to easily acquire the skills needed to understand and make 
the most of the Nexus 7. 


Order code BP744 


118 Pages £8.99 


The books listed have been selected by 
Everyday Practical Electronics editorial 
staff as being of special interest to 
everyone involved in electronics and 
computing. They are supplied by mail 
order direct to your door. Full ordering 
details are given on the next page. 


FOR A FULL DESCRIPTION 
OF THESE BOOKS AND 
CD-ROMS SEE THE SHOP 


ON OUR WEBSITE 


www.epemag.com 


All prices include UK postage 


RASPBERRY Pi 


RASPBERRY Pi MANUAL: A practical guide to 
the revolutionary small computer 


Order code H001 £17.99 
RASPBERRY Pi USER-GUIDE 
262 pages Order code JW001 £12.99 


PROGRAMMING THE RASPBERRY Pi 


192 pages Order code MGH4 £10.99 
GETTING STARTED WITH RASPBERRY Pi 


Order code ORO1 £11.50 


176 pages 


164 pages 
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NEW BOOKS 


KINDLE FIRE HDX EXPLAINED 


This book is written to help users get to grips, quickly and 
easily, with the amazing Kindle Fire HDX tablet. You will be 
guided through the configuration and use of the Kindle Fire 
HDxXs facilities and functions. This book was written using the 
7” HDX but it is also applicable to the 8.9” model. 


Among the many topics covered are: An overview of the Kin- 
dle Fire HDX. Charging and setting up, connecting to a Wi-Fi 
network, registering the device and connecting to Social Net- 
works; setting up and using the 1-Click Amazon account for 
buying and downloading books, music and other content that 
you have searched for. Explaining the use of the Carousel. 
Starting screen Apps. Web and Device settings and the May- 
day facility; browsing the web with Silk Internet explorer, us- 
ing Bookmarks and History, printing web pages, documents 
and messages; connecting to a server to send and receive e- 
mail messages, using and saving attachments. Creating and 
organising your Contacts and Calendar appointements; us- 
ing the Kindle Fire camera to take photos and videos. Watch- 
ing TV, listening to music you bought, imported and from the 
radio. Using the X-ray feature with books and other media; 
Using the OfficeSuite to view your documents, upgrading to 
OfficeSuite Professional 7 to allow both viewing and creation 
of Word documents. Excel spreadsheets and PowerPoint 
presentations. And more besides... 


This book will help you acquire the skills needed to under- 
stand and make the most of your Kindle Fire HDX. 


der code BP743 


118 Pages £8.99 


ELECTRONICS 
TEACH-IN 5 


ELECTRONICS TEACH-IN 5 


Jump Start — 15 design and build 
circuit projects dedicated to new- 
comers or those following courses 
in school and colleges. The projects 
are: Moisture Detector, Quiz Machine, Battery Voltage Check- 
er, Solar-Powered Charger, Versatile Theft Alarm, Spooky 
Circuits, Frost Alarm, Mini Christmas Lights, iPod Speaker, 
Logic Probe, DC Motor Controller, Egg Timer, Signal Injector 
Probe, Simple Radio Receiver, Temperature Alarm. 


PLUS: 


PIC’ N MIX — starting out with PIC Microcontrollers and PRAC- 
TICALLY SPEAKING — the techniques of project construction. 


FREE CD-ROM - The free CD-ROM is the complete 
Teach-In 2 book providing a practical introduction to PIC 
Microprocessors plus MikroElektronika, Microchip and 
L-Tek PoScope software. 


Order code ETI5 


160 Pages £8.99 


MICROPROCESSORS 


INTERFACING PIC MICROCONTROLLERS 
Martin Bates 


298 pages 


PROGRAMMING 16-BIT PIC 
MICROCONTROLLERS IN C 

- LEARNING TO FLY THE PIC24 Lucio Di Jasio 
(Application Segments Manager, Microchip, USA) 


496 pages +CD-ROM £38.00 


Order code NE48 £30.99 


Order code NE45 


INTRODUCTION TO MICROPROCESSORS AND 
MICROCONTROLLERS - SECOND EDITION 
John Crisp 


222 pages Order code NE31 £29.99 
THE PIC MICROCONTROLLER 
YOUR PERSONAL INTRODUCTORY COURSE - 


THIRD EDITION. John Morton 


270 pages Order code NE36 £25.00 
PIC IN PRACTICE (2nd Edition) 

David W. Smith 

308 pages Order code NE39 £24.99 
MICROCONTROLLER COOKBOOK 

Mike James 

240 pages Order code NE26 £36.99 


WINDOWS 8.1 EXPLAINED 


Windows 8.1 is the latest version of Microsoft's operating 
system. It is installed on all new Windows Desktop. Laptop 
and X86 tablet computers and is also available as a free 
upgrade. Whether you choose to use the touch screen Tile 
interface or the mouse operated Desktop interface, a good 
working knowledge of the operating system is essential to 
get the most from your computer and this book will help you 
to do just that. 


The book applies to Windows 8.1, Windows 8.1 Pro and the 
vast majority of Windows 8.1 Enterprise. Also parts of the 
book should be applicable to windows RT 8.1 which is built 
on the same foundation as Windows 8.1 but is a restricted 
version designed specifically for ARM tablets. 


Among the many topic covered are: An overview of the Tile 
Interface, Desktop, Taskbar, Tray Notification Area, Charms 
bar and running Apps; managing Windows settings, per- 
sonalising your PC and creating User Accounts; using the 
Desktop File Explorer, SkyDive, Internet Explorer and the 
E-mail App; working with and organising digital photo- 
graphs, using Media Player to play and store music and to 
burn CDs and installing Media Center to play DVDs; con- 
necting to wireless networks, setting up a HomeGroup, 
sharing a printer and networked PCs; using mobility tools to 
keep your laptop running while away from home; accessibil- 
ity features should you have dexterity or eyesight problems; 
keeping your computer healthy and backing up important 
files; And much more besides..... 


180 Pages Order code BP747 


£10.99 


PROJECT 
CONSTRUCTION 


Ic 555 PROJECTS 
E. A. Parr 


167 pages 


Order code BP44 


ELECTRONIC PROJECT BUILDING 
FOR BEGINNERS R. A. Penfold 


£5.49 


135 pages Order code BP392 £5.99 
PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

132 pages Order code BP374 £5.45 


THEORY AND 


REFERENCE 


PRACTICAL ELECTRONICS HANDBOOK - 
Fifth Edition. lan Sinclair 


440 pages Order code NE21 £32.50 


starting | 
Electronics 
\ 


STARTING ELECTRONICS - 4th Edition 


Keith Brindley 
Order code NE100 £18.99 


296 pages 
ELECTRONIC CIRCUITS - FUNDAMENTALS & 
APPLICATIONS - Third Edition Mike Tooley 


400 pages Order code TF43 £25.99 


FUNDAMENTAL ELECTRICAL AND ELECTRONIC 
PRINCIPLES - Third Edition C.R. Robertson 


368 pages Order code TF47 £21.99 
A BEGINNER’S GUIDE TO TTL DIGITAL ICs 
R.A. Penfold 


142 pages OUT OF PRINT BP332 £5.45 
UNDERSTANDING ELECTRONIC CONTROL 
SYSTEMS 

Owen Bishop 

228 pages Order code NE35 £36.99 
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FAULT FINDING 
AND TEST 
EQUIPMENT 


GETTING THE MOST FROM YOUR MULTIMETER 
R. A. Penfold 


Order code BP239 £5.49 


PRACTICAL ELECTRONIC FAULT FINDING AND 
TROUBLESHOOTING 


Robin Pain 
Order code NE22 £41.99 


96 pages 


274 pages 


HOW ELECTRONIC THINGS WORK - AND WHAT 
TO DO WHEN THEY DON’T 
Robert Goodman 


394 pages Order code MGH3 £21.99 


OSCILLOSCOPES - FIFTH EDITION 
lan Hickman 
288 pages Order code NE37 £36.99 


HOW TO USE OSCILLOSCOPES AND OTHER TEST 
EQUIPMENT 
R.A. Penfold 


Order code BP267 £5.49 


104 pages 


AUDIO & VIDEO 


VALVE AMPLIFIERS - Second Edition 


Morgan Jones 


Order code NE33 £40.99 


BUILDING VALVE AMPLIFIERS 
Morgan Jones 


288 pages 


368 pages Order code NE40 £29.00 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 
lan Waugh 


60 pages Order code PC119 £7.45 


MAKING MUSIC WITH YOUR COMPUTER 
Stephen Bennett 


92 pages Order code PC120 £10.95 
QUICK GUIDE TO DIGITAL AUDIO RECORDING 
lan Waugh 

208 pages Order code PC121 £7.95 


ELECTRONIC PROJECTS FOR VIDEO 
ENTHUSIASTS 
R.A. Penfold 


Order code BP356 £5.45 


109 pages 


NEWNES INTERFACING COMPANION 
Tony Fischer-Cripps 


Order code NE38 £41.00 


HOW TO BUILD A COMPUTER MADE EASY 
R.A. Penfold 


295 pages 


120 pages Order code BP707 £8.49 


EASY PC CASE MODDING 
R.A. Penfold 


192 pages + CDROM Order code BP542 £8.99 


FREE DOWNLOADS TO PEP-UP AND PROTECT 
YOUR PC 
R.A. Penfold 


128 pages Order code BP722 £7.99 


WINDOWS XP EXPLAINED 
N. Kantaris and P.R.M. Oliver 


264 pages Order code BP514 £7.99 


THE INTERNET - TWEAKS, TIPS AND TRICKS 
R. A. Penfold 


128 pages Order code BP721 £7.99 
eBAY - TWEAKS, TIPS AND TRICKS 


R. A. Penfold 
Order code BP716 £7.50 


AN INTRODUCTION TO eBAY FOR THE OLDER 
GENERATION 
Cherry Nixon 


120 pages 


128 pages 


Order code BP709 £8.49 


COMPUTING FOR THE OLDER GENERATION 


Jim Gatenby 
308 pages Order code BP601 £8.99 


ANDROIDS, ROBOTS AND ANIMATRONS 
Second Edition - John lovine 


224 pages £16.99 
ROBOT BUILDERS COOKBOOK 

Owen Bishop 

366 pages Order code NE46 £26.00 
INTRODUCING ROBOTICS WITH LEGO 
MINDSTORMS 

Robert Penfold 

288 pages + £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


298 pages Order code BP902 £14.99 


HOW TO FIX YOUR PC PROBLEMS 


R. A. Penfold 
Order code BP705 £8.49 


128 pages 
WINDOWS 7 - TWEAKS, TIPS AND TRICKS 


Andrew Edney 
Order code BP708 £8.49 


GETTING STARTED IN COMPUTING FOR 
THE OLDER GENERATION 


Jim Gatenby 
Order code BP704 £8.49 


120 pages 


120 pages 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) please 
add £3 per book. Surface mail can take up to 10 weeks to some countries. For the rest of the world 
airmail add £4 per book. CD-ROM prices include VAT and/or postage to anywhere in the world. Send 
a PO, cheque, international money order (£ sterling only) made payable to Direct Book Service or 
card details, Visa, Mastercard or Maestro to: DIRECT BOOK SERVICE, WIMBORNE PUBLISHING 
LIMITED, 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, DORSET BH21 1UU. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for delivery — more for overseas orders. 
Please check price and availability (see latest issue of Everyday Practical Electronics) before ordering from old lists. 


For a full description of these books please see the shop on our website. 
Tel 01202 880299 Fax 01202 843233. E-mail: dbs@wimborne.co.uk 


Order from our online shop at: www.epemag.com 


BOOK ORDER FORM 


FUN AIME Nevers sccnsecddcecessaerearin ceseuseivbncestaacaveresies 


WNOQNESS 5 ccc cssecsiccestuesotteestevateesseceutenseap meatier ences 


Post code: ............ 


SIQMALUN OS rts s2sei acceatsecsacsecaavscn catcec ules cudeeecuiecousres 


i ceeeemeiaecs Telephone NO! eee cece 


Please continue on separate sheet of paper if necessary 
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Basic printed circuit boards for most recent EPE constructional projects are 
available from the PCB Service, see list. These are fabricated in glass fibre, 
and are drilled and roller tinned, but all holes are a standard size. They are not 
silk-screened, nor do they have solder resist. Double-sided boards are NOT 
plated through hole and will require ‘vias’ and some components soldering 
to both sides. * NOTE: PCBs from the July 2013 issue with eight digit 
codes have silk screen overlays and, where applicable, are double-sided, 
plated through-hole, with solder masks, they are similar to the photos in the 
relevent project articles. 

All prices include VAT and postage and packing. Add £2 per board 
for airmail outside of Europe. Remittances should be sent to The PCB 
Service, Everyday Practical Electronics, Wimborne Publishing 
Ltd., 113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU. 
Tel: 01202 880299; Fax 01202 843233; Email: orders@epemag.wimborne. 
co.uk. On-line Shop: www.epemag.com. Cheques should be crossed and 
made payable to Everyday Practical Electronics (Payment in £ sterling only). 


NOTE: While 95% of our boards are held in stock and are dispatched 
within seven days of receipt of order, please allow a maximum of 28 days 
for delivery — overseas readers allow extra if ordered by surface mail. 


Back numbers or photocopies of articles are available if required — 
see the Back Issues page for details. WE DO NOT SUPPLY KITS OR 
COMPONENTS FOR OUR PROJECTS. 


* See NOTE above regarding PCBs with eight digit codes * 


De ORRT a Se 
Oe ale a 

6-Decade Capacitance Substitution Box 
6-Decade Capacitance Substitution Box Panel/Lid 
SoftStarter For Power Tools 10107121 
High-Current Adaptor For Scopes And DMMs 04108121 
Jump Start — Temperature Alarm 904 


ORK KK CY 

Driveway Sentry 

Build A Vox 

Milliohm Meter Adaptor For DMMs 


ivek be DK ox 

MiniReg Adjustable Regulator 
USB Stereo Recording Interface 
Digital Sound Effects Module 


REDE of 
High-Temperature Thermometer/Thermostat 
LED Musicolour 


Pteide DK oor 

Mains Timer For Fans Or Lights 

CLASSIC-D Amplifier (inc. 3 Rockby Capacitors) 
— Speaker Protector 


04106121 
04106122 


03107121 
01207111 
04102101 


18112111 
07106111 
09109121 


21105121 
16110121 


10108121 
01108121 
01108122 


Selistl Di oo 
CLASSiC-D Amplifier — Power Supply 
USB Instrument Interface 

— Front Panel 


01109111 
24109121 
24109122 


arise co” 
Champion 
Simple 1.5A Switching Regulator 


PERCE Ce 
2.5GHz 12-Digit Frequency Counter — Display PCB 
— Main PCB 
— Front Panel 
High-Energy Electronic Ignition System 
Mobile Phone LOUD Ringer! 


Kemitik CY 
Extremely accurate GPS 1pps Timebase For A 
Frequency Counter 
Infrasound Detector — Pre CHAMP PCB 

— CHAMP PCB 
Automatic Points Controller (inc. 2 sensor PCBs) 
Automatic Points Controller — Frog Relay 


Bek et 

A Capacitor Discharge Unit For Twin-Coil 
Points Motors 

Deluxe GPS 1pp Timebase For Frequency 
Counters 

Jacob's Ladder 


1109121/2 
18102121 


04111122 
04111121 
04111123 
05110121 
12110121 


04103131 
01107941 
01102941 
09103132 
09103133 


09203131 


04104131 
05110121 
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TEE ORR RMD iesele of 


pace Jae 
The CLASSiC-D +35V DC-DC Converter 


Ceti’ 
Mini Audio Mixer 01106131 
Cranial Electrical Stimulation Unit 99101111 
Teach-In 2014 — Part 9 Pi Camera Light 905 


Cea ce 

Verstile 10-Channel Remote Control Receiver 
IR to 4833MHz UHF Transceiver 

Lil Pulser Model Train Controller Main PCB 


— Front & Rear Panel Set 


11104131 


15106131 
15106132 
09107134 


09107132 
09107133 


ORK Cf 
Active RF Detector Probe For DMMs 

Infrared To UHF Converter 

UHF To Infrared Converter 

Revised 10-Channel Remote Control Receiver 
PCBirdies 

USB Port Voltage Checker 

iPod Charger Adaptor 


SeiveK ce” 
Build An AM Radio 

LED Ladybird 

Lifesaver For Lithium or SLA Batteries 
Do Not Disturb Phone Timer 


04107131 
15107131 
15107132 
15106133 
08104131 
24107131 
14108131 


06101121 
08103131 
11108131 
12104131 


Please check price and availability in the latest issue. 
A large number of older boards are listed on, and can be ordered from, our website. 


Boards can only be supplied on a payment with order basis. 


EPE SOFTWARE 


* All software programs for EPE Projects marked with a star, and others 
previously published can be downloaded free from the Library on our website, 
accessible via our home page at: www.epemag.com 


PCB MASTERS 


PCB masters for boards published from the March ’06 issue onwards can 
also be downloaded from our website (www.epemag.com); go to the 
‘Library’ section. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


| enclose payment of £ 


Everyday Practical 
Electronics 


Card NON. hoor beaten dev ee ae oe dah dak 
Valid From Expiry Date 
Card Security No. Maestro Issue No. 


(cheque/PO in £ sterling only) to: 


Signature 


Note: You can also order PCBs by phone, Fax or Email or via the 
Shop on our website on a secure server: 


http://www.epemag.com 
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ADVERTISEMENTS 


If you want your advertisements to be seen by the largest readership at the most 
economical price our classified page offers excellent value. The rate for semi-display 
space is £10 (+VAT) per centimetre high, with a minimum height of 2-5cm. All semi- 
display adverts have a width of 5.5cm. The prepaid rate for classified adverts is 40p 
(+VAT) per word (minimum 12 words). 

All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. 
VAT must be added. Advertisements, together with remittance, should be sent 
to Everyday Practical Electronics Advertisements, 113 Lynwood Drive, Merley, 
Wimborne, Dorset, BH21 1UU. Phone: 01202 880299. Fax: 01202 843233. Email: 
stewart.kearn@wimborne.co.uk. For rates and information on display and classified 
advertising please contact our Advertisement Manager, Stewart Kearn as above. 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


NATIONAL ELECTRONICS 
VCE ADVANCED ICT 
HNC AND HND ELECTRONICS 
FOUNDATION DEGREES 
NVQ ENGINEERING AND IT 
DESIGN AND TECHNOLOGY 


LONDON ELECTRONICS COLLEGE 


20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 
www.lec.org.uk 


BOWOOD ELECTRONICS LTD 


Suppliers of Electronic Components 
Place a secure order on our website or call our sales line 


All major credit cards accepted 
Web: www.bowood-electronics.co.uk 


Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield, 
Derbyshire $40 2QR. Sales: 01246 200222 
Send 60p stamp for catalogue 


ADVERTISERS INDEX 


Everyday Practical Electronics 
reaches more UK readers than 
any other UK monthly hobby 
electronics magazine, our sales 
figures prove it. 


We have been the leading 
monthly magazine in this 
market for the last 
twenty-six years. 


s Robot Bits 


Robots, Arduino & more! 


ve. 


www.RobotBits.co.uk 


0845 5 191 282 


ADVERTISE HERE 


CALL 
STEWART KEARN 


ON 01202 680299 


STEWART.KEARN@WIMBORNE.CO.UK 
bl 


MISCELLANEOUS 


PIC DEVELOPMENT KITS, DTMF kits and 
modules, CTCSS Encoder and Decoder/Display 
kits. Visit www.cstech.co.uk 


VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 
01788 574774. 


AB ELECTRONICS UK... 0.0... ce eee 49 QUASAR ELECTRONICS... 0.0... eee 3 
BETAEAY OM setae cercis casas aca xtece hee sue deanra orsieccee Baers 72 STEWART OF READING .......... 0.000000 eee Cover (ii) 
CadSoft COMPUTER........ 00.00 cece eee eee ees AS. TECHNOBOTS: «sac ned nosis cae dewaaheeme showers 39 
CRICKLEWOOD ELECTRONICS .............0.0000005 65 

ESR ELECTRONIG: COMPONENTS <5.6.2:2:4:40nc gob eadeke tanta < 6 ADVERTISEMENT OFFICES: 

ISAM wins cede otenacetcdra aetoetstentdr ase sauttatasaeneeeact, aadpaneiabeavene anataes 65 113 LYNWOOD DRIVE, MERLEY, WIMBORNE, 
JPGELECTRONICS i5:5 o sseseacdie meson ene warae nan See ts 72. DORSET BH21 1UU 
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PEAK ELECTRONIC DESIGN .............. 00005 Cover (ii) | WEB: www.epemag.com 
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SiDRADIO 

After last month’s AM Radio project we jump straight into the 21st century with our 
SiDRADIO, a low-cost communications receiver with coverage from 100kHz to over 2GHz. 
Using power from your PC via the USB cable, it is a self-contained project, housing a USB 
DVB-T dongle plus all the circuitry for an Up-Converter and RF preselector. 


> SIDRADIO 


es 


‘Tiny Tim’ Stereo Amplifier — Part 1 

Most flat panel TVs have mediocre sound quality from their tiny inbuilt downward firing 
loudspeakers. So how do you get better sound? The short answer is that you need a good 
quality stereo amplifier with either a Toslink or S/PDIF digital input and some decent speakers. 
‘Tiny Tim’ is our solution, a compact amp with power to around 10W per channel, together 
with digital inputs. 


‘Tiny Tim’ Horn Loaded Speaker 

This low-cost speaker system uses a single 4-inch driver to give surprisingly good bass and 
treble response. It is quite efficient and only needs a low power amplifier to give excellent 
sound levels. A perfect partner for the ‘Tiny Tim’ Stereo Amplifier. 


Build Your Own PCBs — Part 2 
Next month, Mike Hibbett explores the language of PCB design, and lays down some of the key 
concepts before starting on an actual PCB design in our December issue. 


OCTOBER '14 ISSUE ON SALE 4 SEPTEMBER 2014 


Content may be subject to change 


Beta LAYOUT 


Open Monday to Friday 9am to 5:30pm_ ‘Ff Ese 
And Saturday 9:30am to 5pm Shut Develop, Assemb sd Solder 


- Aerials, Satellite Dishes & LCD Brackets r yo from, 
- Audio Adaptors, Connectors & Leads ae ae £129" Reflow Controller 
- BT, Broadband, Network & USB Leads | 
+ Computer Memory, Hard Drives & Parts 
+ DJ Equipment, Lighting & Supplies 
- Extensive Electronic Components 
- ICs, Project Boxes, Relays & Resistors 
- Raspberry Pi & Arduino Products 
- Replacement Laptop Power Supplies 
- Batteries, Fuses, Glue, Tools & Lots more... 


T: 01246 211 202 
E: sales@jpgelectronics.com 


JPG Electronics, Shaw’s Row, “a , : Iteaduino Leonardo | Raspberry Pi Model B| Large Beta-Reflow-Kit 
Old Road, Chesterfield, S40 2RB | ‘ V1.0, compatible 512 MB RAM - . 
x , % 4. 


W: www.jpgelectronics.com 
o>. 
Se 


yea es 


@5. ~ Electronics 


Retail & Trade Welcome ° Free Parking Google St i 


& 2@ JPG Electronics 
Britannia @ Maison Mes Amis 


Inn 


Old Road 


E1290" 


@ Rose & Crown e nenncone 


* Incl. VAT and exclusive of shipping costs 
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Morrisons 


SW Tour: S40.2RB 
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SPECIAL OFFERS 
for full sales list 
check our website 


FLUKE/PHILIPS PM3092 
Oscilloscope 

2+2 Channel 200MHZ 
Delay TB, Autoset etc £295 
FARNELL AP60/50 Power 

Supply 0-60 Volt, 0-50 Amp 


1KW Switch Mode £195 


HP 54600B Oscilloscope 
Analogue/Digital Dual 


Trace 100MHZ £125 


AGILENT £44028 Spectrum 
Analyser 


100HZ — 3GHZ with options £2950 


HP 34401A Digital 


Multimeter 6 ' Digit £325 


Atlas House, 2 Kiln Lane 
k Harpur Hill Business Park 
Buxton, Derbyshire 
SK17 9JL, UK 


Tel. 01298 70012 
www.peakelec.co.u 
sales@peakelec.co.uk 


AS 


UK designed, 
UK made, 
with pride. 


LCR and Impedance Meter 


with Auto and Manual modes 


Brand new product! 
Introducing a new powerful LCR meter that identifies your passive 
components (Inductors, Capacitors and Resistors) but also 
measures complex impedance, impedance with phase and 
admittance! 
Auto and Manual test modes to allow you to specify the test 
frequency or component type. 
- Continuous fluid measurements. 
- Improved measurement resolution 

(<0.2yH, <0,2pF) 


\ 
* 
‘ 


} Inductorfl 23.62% § ImrPedance 200k 
) L=123.4pH D266k4 9 +25.6 +3155.1n 


£99.95 
SES-204VAT 


www.stewart-of-reading.co.uk 


Check out our websife, 1,000’s of ifems in stock. 


Used Equipment - GUARANTEED 
All items supplied as tested in our Lab 
Prices plus Carriage and VAT 


MARCONI 2955B Radio 


Communications Test Set £850 
DRUCK DPI 515 Pressure 
Controller/Calibrator £425 
IFR 2025 Signal Generator 

QKHZ — 2.51 GHZ Opt 04 

High Stab, Opt 11 

High Power £1250 
HP SPECTRUM ANALYSERS — 
Synthesised Check Options 

8563A 9 KHZ — 22 GHZ £2750 
8560A 50 HZ 2.9 GHZ £1950 
8560E 30 HZ 2.9 GHZ £2400 


STEWART OF READING 
17A King Street, Mortimer, Near Reading, RG7 3RS 
Telephone: 0118 933 1111¢ Fax: 0118 933 2375 
9am — 5pm, Monday — Friday 
Please check availability before ordering or CALLING IN 


For insured UK delivery: 
Please add £3.00 inc VAT 
to the whole order. 
Check online or 
give us a call for 
overseas pricing. 


DCA YS 
DCA Pro 


Exciting new generation of semiconductor identifier 

and analyser. The DCA Pro features a new 

graphics display showing you detailed component 

schematics. Built-in USB offers amazing PC based 

features too such as curve tracing and detailed 

analysis in Excel. PC software supplied on a USB 

Flash Drive. Includes Alkaline AAA battery and comprehensive user guide. 


PEAK’ 


electronic design Itd 


Now Shipping 


es — 
os ||| S| £115.95 


- Identify and fault-find your 
network cabling. 

- Comprehensive connection 
analysis. 

- Detailed fault descriptions. 

- Full colour wiring charts. 

- Supplied with everything 
pictured here. 


£77.95 


£64.96+VAT 


It's only possible to show summary specifications here. Please ask if you'd like detailed data. Further information is also available on our website. Product price refunded if you're not happy. 
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